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INTRODUCTION 
The production of lactic acid by microorganisms is of 
great importance in the dairy industry. The various types of 
cheese, particularly Cheddar and cottage, cultured, buttermilk 
and cultured cream all depend upon the production of lactic 
acid by bacteria. The organisms primarily responsible for 
this acid production are the lactic streptococci. Variations 
in the ability of these organisras to produce acid result in an 
inferior product. 
One of the principal causes of slow acid production by 
lactic streptococcus cultures is bacteriophage. The control 
of bacteriophage in dairy plants has largely been through 
selection of cultures, rotation of cultures, strict cleaning 
and sterilizing of plant equipment and following procedures 
which miniiiiiEe the number of bacteriophage particles that may 
gain entrance from the air into milk and lailk products. Despite 
observing all of theae precautions, failures of lactic cultures 
due to bacteriophage in dairy plants still occur. 
The final solution to the bacterlophag;e problem can come 
only through an extensive fundamental approach to the problesi. 
An imderstanding of the fundamental relationships between, 
bacteriophage and host organism then will give a basis for 
practical approach to the solution of the problem. It is 
believed that a study on the influence of pi! on proliferation 
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Of streptococcus bacteriophage may lead to a partial elucida­
tion of these relationships. 
STATEMENT OF PROBLEM 
The purpose of the work reported herein was to study 
the influence of pH on tii© proliferation of several strains 
of lactic streptococcus bacteriophage. 
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REVIEW OP LITERATURE 
fwort (1915) made the first observation of a trans­
missible lytic sufestance in bacterial cultures. This phe-
nomenon was encomtered independently by d'Herelle (1917), 
who developed a theory to account for th© action of the lytic 
agent, whicli he termed, "bacteriophage." Later d'Herelle (1926) 
gave an elaborate presentation on bacteriophages aii,d their be­
havior. Since that time there have been Innumerable accounts 
of bacteriophages active against many species of bacteria. Ko 
attempt will be made in this work to review all the material 
that has acctimtilated. Much of It, of course, would have no 
bearing on the present work and the object of this review is 
to cover only the more pertinent literature. 
There are a number of review articles on bacteriophages 
but unfortunately most of them contain no infonaatiori on the 
bacteriophages of the lactic streptococci. For those interested, 
the reviews of d'Herelle (1926), Hadley (1928), Burnet (1934), 
Krueger (1936), Delbruck (1942) and (1946) and Pong (1949) may 
be consulted. 
The first report of bacteriophages active against the 
streptococcus {jroup was that of Hadley and Dabney (1926). I'he 
first indication of bacteriophages active against lactic strep­
tococci as used In the dairy industry was in New 'Zealand. 
Working in a cheese factory, Whitehead and V¥ards (1953) observed 
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failure in^ activity of a clieese starter ti'ansferred from one 
large can to another# After the first failixi'a in the factory, 
aiailiar results were obtained Y/itli the Brother culture of the 
laboratory upon transferring to large cans in the factory. 
Failure in activity usually occurred in tiie second generation. 
Later Whitehead and. Cox (1934) described cases of sudden failure 
In activity of clieese starters and explained this failuj:-© as 
due to aeration of the lailk immediately before inoculation with 
certain cultures. Actually it was not tmtil 1935 tkat Whlteheafi 
and Cox {1935a) referred to this failure as due to bacteriophage. 
In the United States the Iowa Agricultural Bxperlment 
Station Report on Agricultural Fiesearch (1933) reported that 
when sBiall amounts of a butter culture that coagulated highly 
pasteurized or sterile milk verj Blotilj wers added to heated 
milk, the coagulation of this milk by normal butter cultures 
was greatly delayed. This restraining agent was capable of 
passing through a bacteria-proof filter and could be destroyed 
by boiling the filtrate containing it. 
Harriman (1934) repoi'^tsd that the slowness of coagulation 
of certain butter cultures under practical conditions was not 
due to the source of the milk, the organisms naturally occurring 
in the milk or contamination from plant equipment. He also 
showed that bacteria-free filtrates road© from the slow cultures 
were capable of restraining butter cult tires when Tares ent In 
amounts as small as one part of filtrate to 20 aiilllon parts 
of Milk. 
Nelson (1936) and Kelson _et (19 39) showed that the 
inhibitory principle active against Streptocoecus lactis had 
the characteristics commonly associated with bacteriophages. 
This inhibitory principle multiplied on sensitive strains of 
lactis and segregation of individual strains of th© inhibi­
tory pi*inclple was possible. These workers also showed that 
under proper conditions this principle caused lysis of sensitive 
organ!sma• 
Since 1939, the major portion of the investigations on 
lactic streptococcus bacteriophage has been centered in New 
J^ealand, England and In the United States, primarily at the 
Iowa Agricultural Sxperiment Station. The Dairy Resoarch 
Institute, i?aliaerston Morth, New Zealand was one of the early 
leaders in this field and it might be well to review first the 
work frOiTi that Institution on the lactic streptococcus bacter-
iophace. 
The early work of Whitehead and lards (1933) and Whitehead 
and Cox (1934) describing cases of siidden failure of starter 
cultures already has been mentioned. Other Incidences of 
sudden culture failure are described by these authors (1935b) 
and bacterlophase was indicated as being responsible. Whitehead 
and Cox (1936) recognized the presence of bacteriophage in a 
starter culture during an in\Jestigatlon of failure supposedly 
due to aeration. At tMs tlrae these workers deraonatrated plaque 
forxcation by the bacteriophage on a yeast whey agar. The bac­
teriophage was purified and whey filtrates of high titer were 
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prepared. Prora this work they found that the optimtKTi temper­
ature for l3acterlophage proliferation was abcut 30° C»; however, 
proliferation occxirred at 20 and 37° C., but more slowly. Like­
wise tliej noted the strict specificity of the streptococcal 
bacteriopiaag© and tliat it maintained tills specificity for the 
one particular strain of Streptococcus cremorls on which it was 
active. Hmiter (1939) found a marked difference between indl-
viclaal organisms within a pure culture of S» cremoris, as well 
as variation between cultures, to "bacteriophage attack. Attempts 
by Whitehead and Cox (1936) to produce iacmsne foras from secon­
dary growth organisms did not result in a permanent InEJunity. 
Later Whitehead, and Hunter (1939a) concluded that streptococcal 
bacteriophages were coiicnon in the cheese making industry and 
they were able to isolate nine aistlnct bacteriophage "races" 
from cheese cultures. 
'With the increased nutaber of culture failiires due to 
bacteriophage. Hunter and Whitehead (1940) tested a number of 
cheifllcal disinfectants, to determine tixrie of inactivation of 
the bacteriophage, as a means of control. Various disinfectants 
were tried and chlorine was found to be the best suited, less 
than 1 rfllnute being required for complete inactivatlon of bac­
teriophage in the presence of 0.05 per cent chlorine. They 
also noted that the effect of hydrogen ion was negligible over 
several days at roosi te.riperature i¥hen the pll was between 4 and 
7. 
It was a corssion practice in Be?/ Zealand at thia time to 
inoculate starters at the rate of 0.2 per cent. Whitehead and 
Hiinter (1939b) found that by increasing this inoculuiri of single 
strain cultures to 1.0 to 1.6 per cent the activity of the 
culture could be maintained from day to daj for long periods 
of time. 
Ptirther attempts to eliminate fsiluro of cultures cl-ae to 
bacteriophage action led Whitehead and Hunter (1941a) to dis­
cover that the atomization of wiiej from the whey sepax'ator was 
responsible for many of the spontaneous outbr-eaks of bacterio­
phage. Prom these findings attempts to eli-minate air borne 
bacteriophage led to the use of chlorine sprafs, protection of 
the cultures in the factory and the recommendation of separate 
rooms, if not separate buildings, for the preparation of the 
mother culture. 
Hunter (1943) found wide differences in optimum tempera­
tures for various strains of bacteriophage attacking strains 
of S. oremorls. He found that some strains of bacteriophage 
would be co'Jipletely inhibited at 37® C., while others would 
Ijse the culture in 5 hr. at 22® C. In general, he concluded 
that It would be possible to get acid production in the cheese 
vat if Bultiple strain cultures were used, even though some of 
the strains were attacked tay bacteriophage. 
Later Hunter (1944) found that the evidence of bacteri­
ophage in the cheese vat during the making process was largely 
dependent upon the amount of initial infection. With small 
Initial infections of bacteriophage in the vat, he was still 
able to make a good quality cheese. However, with higher 
concentrations of bacteriophage, the cheese was definitely 
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"second grade", often having a fermented, yeasty flavor and 
a weak, pasty body. 
Whitehead and Banter (1941b, 1946) reviewed the work In 
Kew .Zealand on bacteriophage infection in th© cheese industry 
and concluded that it '^as the aiost frequent catise of slow acid 
dsvelopment in the cheese vat. These failiires could be caused 
by a gradual build iip of bacteriophage concentrEtion in the 
factory or by ir.properly sterilized factory or farm equipment 
(Whitehead and Hunter, 1947) coming in contact with the cheese 
milk. They advocated strict cleaning and sterilizing and Indi­
cated that the possibility of destroying every trace of bacter­
iophage in a coismercial operation was quite remote. 
The history of bacteriophaga In the cheese making -industry 
of England is not as drafnatic as in New Zealand. This, is primar­
ily due to'tbe types of cultures that were uaed In the two 
countries. In Hew Sealand single-atraln lactic streptococcua 
cultures were used and an attack of bacteriophage frequently 
prevented the use of that particular lot of :rnllk for cheese 
making. In England it was more comtaon to use multiple-strain 
cultures and thus tbe cheese maker experienced only slowness 
in acid development. 
During the cheese making season of 1940-41 Meanwell (1941) 
and Harrison and Wolf (1941) reported the slowness of multiple-
strain cultures in I3ngland to be due, at least in part, to 
bacteriophage* Meanwell (1941) suggested the use of a different 
culture when slowness in ths cheese vat was encountered and 
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stated that 9ver:f precaution should be taken to avoid contami­
nation of the starter milk. Nichols and Wolf (1942) likewise 
demonstrated that bacteriophage was resporxsible for the slow-
n,ess in the cheese vat during the cheese making season, especial­
ly durirxg and August. 
Two cases of slowness were studied by Harrison and. Dearden 
(1941) to deteriiiine the possible cause, in each case multlple-
atraln cultures were in use and the changing of the starters 
eliminated the trouble. Attempts to Isolate bacteriophage were 
not successful but they did not feel that bacteriophage was 
completely excluded as the cause of the slowness. 
Anderson and M©anw©ll (1942), investigating the "May slow­
ness'* in cheese making, attributed it to bacteriophage. The 
slowness was found to occur where both single-strain and multiple-
strain cultures were usedj however it was much more serious 
where aingle-atrain cultures were used. They indicated that the 
bacteriophage action was not always specific and some of their 
whey filtrates were active against more than one strain of the 
starter organisms. These workers found that a bacteriophage 
active against one strain of a multiple-strain culture may 
prevent the growth of the non-susceptible strain although no 
bacteriophage active against the non-susceptible strain could 
be isolated from, the culture. This particular phenomenon was 
termed ''nascent" bacteriophage activity. However, Nichols and 
Wolf (1945a) found that this phenomenon was not coiimon in the 
starter strains studied, but they Indicated that it might be 
used to demonstrate fundamental relationships betweexi strains. 
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In additional studies, Nichols and vVoif (1944) foiand 
bactei^iopJiage to |56rsist for a considerable length of time 
in, cheese knom to have shown slown.esa In the vat and sug­
gested that the Infection easily could be carried over from, 
one cheese making season to another. These workers also 
studied the heat resistance (1945b) of the bacteriophages of 
cheese starters in milk and found that usually the bacter­
iophages did not survive 75° C. for 7,5 lain. They also 
showed the practical iraplications of this in the preparation 
of nillk for starter making. 
Michols (1345) surveyed the incidence of "slowness" and 
its connection with bacteriophage In England and Wales and 
outlined methods of control of bacteriophage in the factory. 
The best method of control was to keep the bulk starter free 
from bacteriophage contmaination. This could be accomplished 
by destroying air-borne bacteriophage, not aliov^ing milk to 
stand over night in the vats, thorough cleaning of the vats 
and rinsing with chlorine solution limedlately before use and 
disinfecting walls, ceilings, floors and drains with chlorine 
twice weekly during the actual cheese making season. The use 
of a special starter room also was recomiaeiided. 
lichols and Ineson (1947) showed in cheese making experi­
ments that when the dominant strain of a multiple strain starter 
was lysed by bacteriophage action that slo-wness occurred but 
the other strains would take over the acid development and the 
starter would "recover". 
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lichols and Hoyle (1949) recently have attempted to 
classify tiie lactic streptococci by their particular •bacter­
iophage patterns. From their work they grouped tlia lactic 
streptococci into elex^en bacteriophage sensitivity types. 
The iriajority of the bacteriophage strains used in the typing 
were classified "by iseans of ar3.ti-phage isera into three groups# 
It was hoped that these relationships would lead to a basis 
for selection of various organism types to be used in cheese 
starters, especially where several different cultures wer© 
carried in eaeli plant arid rotation of cultures was used as a 
means of bacteriophage control# 
Johns and Katanelson (1941) were the first to report 
difficulty with bacteriophage active against a cheese starter 
In Canada. In a particular case cited by these workers, a 
multiple strain culture that was attacked experienced an 
abrupt stoppage of acid production. This cessation was as 
abrupt ao.d complete as if a single strain culture had been 
used. At this tiise they felt that many of the so called 
^starter failures" were due to the action of bacteriophage, 
as well as many of the reported cases of slow acid develop­
ment in the cheese making process. 
Further reports by ^i^oims (1942) indicated that the 
bacteriophage was present in the milk just prior to pasteur­
ization. The bacteriophage could not be demonstrated in 
small samples froai individual covts, but 100 ,tal. ssiiples of 
the mixed milks were positive. He also reported that in two 
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plants having trouble with lack of acid prodx;iction at the 
coolcing teittperature (96-100® P.) the cause was the lysis of 
the dominant strain of the multiple-strain starter. 
The early work on lactic streptococcus bacteriophage by 
Harriman (1934), Kelson (1936) and Nelson _et (1939) has 
already been mentiondd in this review. Following this work 
there was a considerable delay in the United States before a 
great deal of further research on this subject was reported 
In the literature. 
Babel (1946) reported the effect of bacteriophage on 
the cheese making process. He showed that slow acid pro­
duction due to the presence of bacteriophage usually was 
apparent at the time of draining the whey or shortly there­
after. The presence of a significant aiaount of bacteriophage 
in the cheese lailk resulted in an almost complete cessation 
of acid production when either a single strain or a multiple 
strain culture was used. Greene and Babel (1948) studied the 
effect of ultraviolet light on bacteriophage and concluded 
that irradiation would be of little value in a comfiiercial 
operation for the destruction of bacteriophage active against 
S. lactis. 
Paraelee _0t al. (1949) studied lactic streptococcus 
bacteriophage with the aid of an electron microscope and 
found the particles to be sperm-shaped and to have an overall 
length of 220 m^. The diameter of the head was 70 and 
the tall was 50 m/t. wide and 150 m/t. long. Nine different 
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strains were studied and the size and shape was so nearly 
alike that differentiation could not be made on this basis# 
Collins (1949) found that soluble calciua was necessary 
for proliferation of a number of strains of bacteriophage 
active against the lactic streptococci. In his work he foimd 
that the calcium could be made unavailable in a defined medium 
by autoclavliig the calcl'um In th© medium or increasing the 
KgEPO^ content to above 0,1 per cent« 
Using 49 strains of organisms and 64 bacteriophage 
strains, Wilkowsk© (1949) grouped the bacteriophages into 
seven groups on the basis of their cross-reactions. He also 
studied plaque slz© and temperature of inactlvation and found 
considerable variation in both for the different strains of 
bact erlophage# 
Cherry and Watson (1949a), working with only one strain 
§.• lactis. 182-4, and its hoaologous bacteriophage, found 
that lysis took place at pH 6,0, 7,0 and 8,0, but the latent 
period of virus growth was e?:tended by about 10 minutes at 
pH 8,0, These workers suggest that pH 5,0 Is about the criti­
cal level below which lysis does not occur. They also indi­
cated that neutrality was near the optlmuia for virus ad­
sorption and that adsorption fell off soaiewhat on either side 
of neutrality but on the alkaline side the decrease was slow. 
These workers (1949b) also found that tryptone increased 
adsorption in a yeast extract glucose medium and that certain 
electrolytes stimulated cellular lysis as well as virus ad­
sorption. 
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There are a niraber of reports from other coxintrles of 
bacteriophage active against the lactic streptococci. In 
some cases no actual isolation and characterlaatlon of the 
bacteriophages was accomplished, and In general their work 
is not as far advanced as that reported from England, Hew 
Zealand, the United States and Canada# Maze (1937) in BYance, 
Novak (1949) in Czechoslovakia, Yakovlev (1939) in Russia, 
Mosimann (1046) in Switzerland, Fette (1946) in Holland, 
Overby (1949) in Denmark and Caiszar and Gura (1949) in 
Hungary all have reported on some phase of lactic strepto­
coccus bacteriophage, showing the wide distribution of it in 
the dairj industry. 
There are a few reports in th® literature regarding the 
Influence of pH on bacteriophage# other than those active 
against the lactic streptococci." fh©se are included, as a 
matter of Interest, but correlation between these and the 
present work could not be expectcd because of the individual 
differences in the species of organisms Involved, 
Dickinson (1948) found that the bacteriophages active 
against Pseudofflonas pyocyanea were stable at pE 6.5-10.0 
but not below 6.5. Also she reported that at pH 2.2-4.0 
with phosphate citrate buffer the bacteriophage was Inacti­
vated within 3 hr. WaM and Soierique (1947) reported that 
the dysentery bacillus bacteriophages and Sj_5 had a very 
low critical pH of about 4.0 and that inactivation was very 
rapid with an Increase in the hydrogen ion concentration. 
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Kriiogei" and Pong (13571, In thslr work with 31aplijlococciia 
aureus« found that bj increasing the iiydro er, ion ccricentra-
tiori there occurred au Increase in the lag phase of the 
orgariiSKs without a corresponding increase In th© lag phase 
of bactorlophags production, 3y increasing the alkftiinity 
there was no pronouseefi chan;-© la Ins curves of organlssi 
growth or hacteriophage proliferation# Th«se woi^er'S fo^iad 
that at pfl 8,5 the IjtS.c tl'iresh-oid was aS-out 1,000 bacter­
iophage particles Instead of 100 to 140 per csll aiKl tho tlia® 
of lysis was delayed# 
Gold and Watson (1950) fo«iid that pH of the eultur*0 was 
tb0 determining factor in the lyslng of Clostrldlujn isadisonii 
by its homologous bacteriophage, hysls was inhibited at pH 5«1 
and bslow, hut r^ot fcetwetjn 5»1 and 7,S. fhese workers also 
Indicated that pH interfered isith penetration of the virus 
into the cells. Penetration was completely blockefi at pH 5.1 
or fcelow and at pH 6,8 and aeov's* 
1 r? 
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ISCPSiilMBITAL Mi^EHODS 
General Procedure for a Representative Trial 
In order to simplify and clarify this topic of procedure 
it may be well as a beginning to describe a complete repre­
sentative trial and then divide the procedure into the various 
parts and give ntor© detail following tMs presentation. 
In many of the early determinations, in order to have a 
complete control, four samples were run at tha desired pH as 
a single experiment• The first aampl® (organiara control) was 
used to check the normal growth of organisms and tli© pH changes 
during the tost period. Tlie second sample waa used to give a 
chock on the organism growth when the pH was maintained at a 
constant level# The third sample was inoculated with both 
organisms and bacteriophage and was used to follow the normal 
population and pH chang^rs when bacteriophage was present with 
tha organisms. Th© fourth sample contained both organisms and 
bacteriophage and this sample ?#aa maintained at constant pH 
to determine th© influence of pH on bacteriophage proliferation. 
At various intervals an aliquot was withdrawn aseptically 
and used for the detemsination of pH, organism count and bacter­
iophage titer. A relatively large portion was necessary for 
pH measurement and it could not be returned to the original 
sample, since the electrodes were not sterile. This necessi­
tated an original substratum of 100 to 150 ml. 
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After several doterminations the first and third saaplea 
were discontinueia because tiiey proved, txrmecessary for interpre­
tation of the data obtained on the two other samples. 
Preparation of Media 
The litmus lailk used for enumeration of the bacteriophage 
was prepared by adding enough aqueous solution of litraus to 
pasteurized skim milk to impart a light blue color. To this 
was added 10 por cent by volume of filtered V-8 Juice.The 
entire lot was lalxed thoroughly and then dispensed in 15x125 bhii, 
test tubes in approximately 8 ml. quantities. The litmus milk 
used as the substratum for the organisms and bacteriophage 
strains at the various pH levels was prepared the same as above, 
except the ¥-8 juice was omitted and the aediuKi was dispensed 
in 6 02. screw cap bottles in 100 or 150 ml. quantities. Ster­
ilization was accoraplished by heating with steam under 15 pounds 
pressure for 25 lainutes. 
In the early work with HI, 1-F4 combination, it was found 
that a suitable medium other than litmus lailk would have to be 
found that could be adjusted to pH levels lower than 5.2. Two 
broth iTiedia were tried, tomato Juice-peptone-peptonized railk 
broth and V-8 juice-peptone-peptoniaed milk broth. The tomato 
juice broth gave bacteriophage-organlsm populations about 
equivalent to litmus milk. The ¥-8 broth gave slightly higher 
% combination of eight vegetable juices made by the Caaipbell 
Soup Co., Camden, I. J. 
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bacteriophage popialations and for this reason it was selected 
for use at the lower pH levels. This also led to the forti­
fication with 10 per cent Y-& juice of litmus milk that was 
used for bacteriophage enumeration. The added ?-8 juica 
seemed to increase the activity of both the organisms and 
the bacteriophages. This increased activity eliminated a lot 
of the trouble with soft "sloppy" coagulated curd and made 
the reading of the titers more precise. With two combinations 
used, 0,1 per cent CaGlg was added to the V-8 broth In order 
to proraote optimum bacteriophage proliferation. 
The ¥-8 broth was prepared by taking 400 ml. of filtered 
V-6 juice, 10 g. peptonized milk and 10 g. proteose peptone 
no. S and making this up to one liter with distilled \¥ater. 
This gave a clear brown-colored broth with a final pH of 4.8 
to 5.1 after sterilization at 15 pounds pressure for 25 minutes. 
Tryptone-glucose-e:ctract-irillk agar vms used for all plate 
counts. It was prepared by using 24 g. Bacto tryptone-glucose-
extract agar (TGS agar) per 1000 ml. of distilled water. This 
was heated in flowing steam until the agar was molted, dis­
pensed in 100 ml. quantities in 6 oz. screw cap bottles, and 
sterilized at 15 pounds pressure for 20 minutes. Imnediately 
before using, 1 per cent of sterile skim milk was added as©p-
tically. 
Bacteriophage-organisms Combinations 
The bacterlophage-organissi combinations were selected 
from the Dairy Bacteriology Laboratories collection at •^owa 
state College. Since these cultures and. bacteriophage 
strains had been carried for a considerable length of time 
in the laboratory, they were considered sufficiently pure for 
this study and no further purification ?;as made. The sources 
and designations of the bacteriophage-organism combinations 
are listed In table 1, 
Table 1 
Sources and designations of bacteriophage-
organism combinations 
Designation Date Source of 
Phage Giilture obtained phage 
F4 ia,i 5-2-45 Slow rat of Cheddar 
cheese, I. S. C. 
F24 W2 7-25-45 Slow vat of cottage 
cheese, I. S. C. 
F43 122,1 9-13-47 Slow culture in market 
milk lab., I. S. C. 
F55 573 4-16-48 Mr. E. 3. Anderson United 
Dairies Ltd., Central 
Laboratory, Wood Lane, 
London W. 12, England 
F56 712 4-16-48 Mr. E. B. Anderson 
fh® filtrate designated P4 and the culture 131,1 were 
selected at randomj many of the first trials were made with 
this combination. The cross-reaction determinations by 
lilkowske (1949), the nutrition study of the organisms on 
bacteriophage proliferation of Collins (1949) and the S. 
1acti8-bacteriophage relationship studies by Turner (1948) 
served partially as the bases for the selection of other 
combinations. Wllkowske (1949) made cross-reaction determi­
nations of 61 bacteriophages against 49 organism strains. 
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P55 was active against only one organism strain {573), while 
most of the other bacteriophage strains available showed 
additional activity against one or more strains# This par­
ticular combination was selected because it was different in 
this respect from all the others. Collins (1949) and 
Wilkowske (1949) had infoxinatlon on W2-P24 coffibinatlon and 
712-P56 combination and It was felt that additional ^fork on 
these would be desirable* The 122,1»P43 combination was 
selected primarily because a whole series of 122 strains are 
carried in the Dairy Bacteriology Laboratories of Iowa State 
College and a number of bacteriophage strains are active 
against them. 
Propagation of the Cultures 
All the cultures were carried in fortified litmus milk. 
Cultures that were being used were subcultured daily and 
Incubated at 32 to 33° C. for 12 to 16 hr« The cultures 
that were not in immediate use were subcultured every third 
day and after the Incubation time of 12 to 16 hr* they were 
stored at 3 to 5^ C. in a refrigerator. These cultures then 
were subcultured dally for three days prior to their use. 
Preparation and Storage of Bactexdophaga 
The bacteriophage preparations used were in the form of 
whey filtrates. These filtrates were prepared by Inoculating 
'"^Contained 10 per cent V-8 Juice 
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150 nl. of sterile skim milk In 5 oz. screw cap bottles with 
?j. ml. of a freslily coagtxlated culture of the desired organlsin. 
The homologous bactsriopliaee preparation was added at the rat© 
of 0.1 to 1«0 ail,, depending upon the titer, and the mixture 
\¥as incubated for 6 to 7 hr. at 52® C. After incubation, the 
skim ifiilk was aciciifisd by adding 5.5 nl, of sterile 10 per 
cent lactic acid to bring about complete coagulation of the 
casein.. This acidified mat ©rial then was filtered throu£jh 
coarse sterile flIter paper under- aseptic conditions. Usually 
this gave an alujost clear solution which then was filtered 
asepticallf through a sterile Selas microporous porcelain 
filter of #03 porosity. This filtrate was free of cells and 
contained the bacteriophage at high titer. The flltratos were 
stoi'ed at 3 to 5° C, during the period of use. The titers on 
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most of the filtrates would remain 10 or above for several 
morrths. Bacteriophage F56 was an exception to this and, in 
order to jaaintain a high titer, fresh filtrates had to he 
prepared ali0U.t once each month. 
Measurement of Bacteriophage Activity 
The limiting dilution technique used hj Erueger (1930), 
lIarri:T,an (1334), Kelson et al> (1939) and Babel (1946) was 
used throughout this investigation for enmierating the bac­
teriophage, The bacteriopfcage titer was expressed as the most 
probable number of particles per ral,, or the logarithra of this 
nuiBber, based upon the limiting active dilution of the aaterial 
containing bacteriophage. 
Ihe limiting dilution method used herein consisted of 
making 100-foM dilutions of the bacteriopiiage suspanslon 
In. sterile distilled water and dispensing 1 ml. and 0.1 ral, 
quantities into triplicate tubes of litmus ailk fortified 
with 10 per cent ?-8 Juice. This In effect aiaounted to a 
10-fold serial dilution. These tubes then were Inoculated 
with 1 drop of a 1 to 10 dilution of a freslilj coagulated 
culture of sensitive organisias {Collins, 1949) and (Wllkowake, 
1949) aiid incubated at 32® C. for 18 to 16 to. At the ©nd of 
the.incubation period, the last tube that did not show the 
typical acid, reduction or coagulation of the control (litmus 
milk inoculated with one drop of the diluted sensitive 
organism) was recorded, Th© bacteriophage titer then was 
obtained by consulting McCrady's tables of most probable 
number, as adapted by Buchanan and Pulmer (1928). 
Deterittination of Organism Counts 
In all trials with litmus milk and with V-8 broth an 
initial plate count of approximately 100,000 per ml. and a 
bacteriophage titer of about 10^ was desired (Turner, 1948). 
The organism co\mt varied to soia® extent, due to the specific 
characteristics of the organism# The coimt on freshly coagu­
lated cultures would be lower with some strains of organisms 
than with others, presuiaably due in part to the tendency 
toward chain formation. However it will be noticed that for 
each particular strain of organisms the initial count was 
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relatively constant in all trials. A portion of the initial 
bacteriophage titer variation, was due to the gradual decrease 
In titer of th© filtrates upon storage. 
At varion.5 intervals during the test period samples were 
withdrawn for the plat© count and the same dilutions were used 
for determination of th© bacteriophage titer. All organism 
counts were made by the standard plate comit method (Aiaorican 
Public Health Association, 1946) on tryptone-glucos©-extract-
railk agar. The poured plates were allowed to solidify and 
then were incubated at 32° C. for 48 Jir. Th© plates were 
counted with the aid of a Quebec colony counter. 
•Determination and Adjustment of pH 
All pH values were detersiined electrometrically with 
either a Leeds and lorthrup glass electrode potentiometer 
or a Beckraan pH meter (glass electrode). Occasionally a 
pH value waa checked on a Leeds and Horthrup potentiometer 
with a quinhydrone electrode and a saturated calomel cell. 
The pH of the bacteriophage-organism culture was taken 
at various intervals by withdrawing 5 ml, portions with a 
sterile pipette and placing this in a small beaker. To this 
portion was added an equal volume of distilled water and the 
pli taken. The water was added in order to make the sample 
of sufficient size that the ends of the electrodes could be 
Imiaersed adequately. Several trials showed that the added 
water did not change the pH of th© milk or the ¥-8 broth. 
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Ordinarily the litma milk had a pH of 6»4 to 6»6, after 
steriliaation, wMle the V-8 broth had a pll of 4.8 to 5.1. k 
10 per cent sterile lactic acid soxution was used to acijust 
the pH to lower levels than the origiB,al substrata and a 
sterile IH KaOH solution was used to raise the pH» 
During the test periods the pH was maintained bj the 
addition of IH laOil# In the early trials, 0,051 NaOH was 
added to the 5 ml. portion withdiwn for pH measurement until 
the desired pH again was obtained. From this, the necessary 
momit of 1J[ NaOH nesdsd to return the pH of the remainder 
of the bacteriophage-organisa culture to the desired level 
was calculated, TMs was not too satisfactory because of 
the lag in neutralization of some of the constituents of the 
media. This tecbnlque was Improved by n@utrali,slng one bottle 
of mediuEi, adding one or two drops of laOH at a tiis© and 
recording the pH after each addition. This Information then 
served as a guide to, neutralization of tb.@ regular trials and 
Was equally as successful as the other method, 3ven though 
in some trials the pH was determined as often as every 15 
.siinutes, it still was difficult to maintain a fairly constant 
pH level. 
All pH values referred to in results and indicated on the 
figures are the pH levels of the trial before any adjustment 
was made. After this pH was determined, the quantity of base 
necessary to return the pH to the desired level lyas added and 
mixed in by agitation# 
iOCPSi X TAL hesults 
Streptococcus cremorls 573-bacterioptia.ge F55 
combination 
The population changes for this organism-bacteriopiiage 
combination at various pH levels are shown in tables 2 through 
9 and the data are siittimariied in figures 1 and 2. At pH 6»5 
(table 5) there is maxirflum bacteriophage proliferation, along 
with rapid growth of the organisBis. '/s'hen the pH is lowered 
from 6,5 to 5»4 (table 4) a flight retardation of bacteriophage 
proliferation is encountered# With continued lowering of the 
pli, "bacteriophage proliferation declines and at pi 5.0 in 
¥-8 broth (table 2) there is no increase in the bacteriophage 
populatioii aftar 20 hr, incubation at 32® C. 
The bacteriophage proliferation at pH 7.5 (table 5) 
follows a pattern similar to that at pH 6.5. At pH 7.6 
(table 7 and 8) there Is a very definite and pronouncad decrease 
in bacteriophage multiplication. The lag phase of bacteriophage 
proliferation is increased from an hour or so at pH 6.5 to 
between 6 and 7 hr. at pH 7.6. At pH 8.0 (table 9) there is 
a definite decrease in bacteriophage popiilation after 18 hr. 
incubation at 32® G. 
With S. cremoria 573-bacteriophage P55 it is of interest 
to note the sensitivity of the bacteriophage to the higher 
pl'I levels. As shown in table 7, the organisia population is 
still increasing at a rather rapid rate at pH 7.6 while the 
bacteriophage has barely increased after 11 hr. At pfi 8.0 
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the organism population increased tmt th© bacteriophage 
nimbers decreased# There is a marked difference in bacter­
iophage proliferation rate at pH 7.5 and 7,6, while the 
organism population chaiiges are very similar at the two 
reaction levels. Table 8 shows the population changes at pH 
7.6 over an IS hr. period. In this trial the pH fluctuated 
over 0.3 pH xmita, This fluctuation came largely after the 
15th hour due to the ver?/ rapid production of acid by the 
organisms. Even though the pll got as low as 7.3 several times, 
th© bacteriophage aiulti pll cation was retarded considerably. 
In trial 1 of table 4, in which two trials are presented 
for pH 5.4, the organisms were lyscd in 13 hours, whereas in 
trial 2 there was only an indication in 13 hours that the 
organism nuinbers f/ere beginning to decrease. On comparison 
of these two trials it will be noted that from the 6th to 11th 
hour of incubation the bacteriophage multiplication was more 
rapid in trial 1 than In trial 2 and this probably accounts for 
lysis in oiie trial and not the other. Lysis did not occur in 
20 hr. at pH 5.2 {table 3), although considerable proliferation 
of bacteriophage occurred. 
The bacteriophage proliferation at %^arious pH levels is 
summarized froin typical data in figure 1. Th© slopes of the 
lines representing the logaritlims of the bacteriophage titers 
at pH levels of 6.5, 7,5, and 5.4 approximately parallel each 
other. At pH levels of 7.6 and 5.2 there is an increase in 
the lag phase and the rate of bacteriophage proliferation is 
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not as gi'eat as at pH 5.5* 
A summary of the organlsia counts of typical trials is 
presented in fig;ur© 2# At the extremes of pH the population 
curves flatten out and a definite decrease in the number of 
organisms is noted at pH 5»0» The decrease in organism popu­
lation at pH 5.0 coincides with the lack of bacteriophage 
multiplication. Ordinarily there is no increase in bacterio­
phage nuiabers when the conditions are not right for organism 
mult ipl1cat i on. 
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Table 2 
Population changea in the S. cremoria 573-bacteriophage P55 
combination during incubation at 32 C. 
in ?-6 broth at pH 5.0 
Log of Log of 
Culture lime pH bacteria phage 
ibr , )  count/ml. titer/ml« 
Organism 0 5.0 4.94 -
control 12 5.0 4.99 -
14 5.0 5.02 - • 
16 4.95 5.09 
18 4.9 4.95 -
20 4.9 4.86 
-
Organisms 0 5.0 4.91 
maint ained 12 4.9# 5.13 • 
at pH 5.0 14 5.0 5.16 > 
16 5.0 4.99 
IB 4.95# 5.13 -
20 5.0' 4.70 -
Organlsras 0 5.0 5.00 1.40 
plus phage 12 5.0 5.10 0.95 
14 5.0 4.96 0.95 
16 5.0 4.62 0.95 
18 4.9 4.79 0.95 
20 4.9 4.26 1.40 
Organi sras 0 5.0 5.06 1.40 
plus phage 12 4.95^ 4.68 0.95 
maintained 14 4.94i- 4.32 0.60 
at pH 5.0 16 5,0 4,17 1.40 
18 4.95# 4.12 0.95 
20 5.0 3.92 1.40 
II KaOH added to bring pH to desired level 
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Table 3 
Population changes In the S. cremoris 573-bacterlopliage P55 
corabination during Incubation at 32'^ C» In litaius 
milk Sit pH 5.2 (Trials 1 and 2) 
Log of Log of 
Culture Time pH bacteria phage (hr oount/ffil * titer/ral. 
1 2 1 2 1 2 1 2 
Organism 0 0 5.2 5.2 5.00 5,00 
control 12 12 5.2 5.16 7.30 7.26 « -
14 14 5.2 5.18 7.52 7.52 - -
16 16 5.1 5.1 7.88 7.78 - -
18 16 5.1 5.03*^  7.98 6.15 mm • 
go 20 4.9 8.15 8.19 - -
Organisms 0 0 5.2 5.2 4.94 4.84 — I. 
maintained 12 12 n o 5.19 7.17 7.00 - -
at pH 5.2 14 14 6 . 2,^ . o. 1 '3 7.55 7,37 -
16 16 5.1 5.12^ '^  7.82 7.51 -
18 18 5.2 5.1'^ " &.10 ci'. 00 - • 
20 20 5.15, • •5.04 8.19 8.11 
-
Organisms 0 0 5.2 5.2 4.95 4.79 1.60 1.40 
plus phage 12 12 5.2 5.2 7.03 7.16 3.96 3.40 
14 14 5.2 5.2 7.34 7.48 5.04 4.65 
16 16 5.15 5.12 7.59 7.80 5.98 5.40 
18 18 5.1 7.74 8.00 6.65 4.65 
20 20 5.1 4.9 7.91 c. 20 6.65 4. 98 
Organlsms 0 0 , 5.2 5.2 ' 4.-88 4,83 1.40 1.65 
plus.phage 12 12 5.2 5.2 7.00 7.24 5.40 3.60 
maintained 14 14 5.2 5.19 7.34 7.49 4.18 5.15 
at pli 5.2 16 16 o . 2 5.12^  7.72 7.77 4.98 4.65 
18 18 5.1'^  5.r' 7.97 8.13 5.40 5.40 
20 20 5.1 5.02 7.99 8.19 5.65 5.40 
11 NaOH added to bring the plJ to the desired level 
coagulated 
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Table 4 
Population crianges In tlie Si. cremoris 573-bacteriophage P55 
Goiabination during incubation at 32® C. in litmus 
milk at pH 5.4 (Trlsls 1 and 2) 
Tin: fa Lop of Loc" of 
Culture • (hr . )  pH bactoria phage 
coimt/ral. p/itil. 
1 2 1 2 1 2 1 2 
Organism 0 0 5.4 5.4 4.98 4.89 •mt mm 
control 3 3 5.4 5.4 5.59 5.35 - -
7*. 5 5.4 5.4 5.98 5.S6 -
7 7 8.4 5.4 6.51 6.42 - «• 
9 9 5.4 5.4 7.11 7.15 -
11 11 5.4 5.3 7.61 7.55 - -
13 13 5.3 5.2 7.90 7.63 
-
-
Organ!sms 0 0 5.4 5.4 5.06 ' 4.92 .. 
maintained 3 3 5.4 5.4 5.53 5.39 im 
at pH 5.4 5 5 5.4 5.4 6.09 5.79 - mm 
7 7 5.4 5.4 6.58 6.42 - -
9 9 5.4 5.4 7,2B 6.97 • 
11 11 5.4 5.34 7.69 7.53 -
13 13 5.3 5.25 6.08 7.84 - «•» 
Organisms 0 0 5.4 5.4 4.99 4.86 0.80 <0.48 
plus phage 3 3 5.4 5.4 5.60 5.46 1.9& 1.65 
5 5 5.4 5.4 5.97 5 . 88 2.18 2.40 
7 7 5.4 5.4 6.45 6.47 3.40 2.98 
9 9 5.4 5.4 7.34 7.11 5.40 4.65 
11 11 5.4 5.3 7.36 7.46 7.40 6.65 
13 13 5.4 5.25 3.18 7.05 6.65 8.65 
Organisms 0 0 5.4 5.4 5.06 4.63 1.40 0.60 
plus phage 3 3 5.4 5.4 5.66 5.46 1.65 1.65 
aialat alned 5 5 5.4 5.4 6 . 05 5 . J 0 2.65 1.98 
at pH 5.4 7 7 5.4 5.4 6.60 6 .40 3.65 3.65 
9 9 5.4 6.75 6.96 ^9 hj* 4.18 
11 11 5.4 5.55 3.49 7.51 7.98 6.65 
13 IS 5.4 5.25 <2.00 7.33 7.65 7.65 
* 11 laOH added to bring pPI to desired level 
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Table 5 
Population changes in the S. cremoris SVS-bacteriopliage P55 
coiabinatlon dtiring incubation at 32® C. in litmus 
milk at pH 6.5 
Culture Time (hr.) pH 
Log of 
bacteria 
count/ml. 
Log of 
phage 
titer/ml. 
Organism 0 6.5 • 5.05 
control 3 6.5 5.15 -
2 6.5 5.57 
S 6,5 5.91 
4 6.4 6.43 -
5 6.4 6.98 -
6 6.4 7.34 -
7 6.3 7.61 «N 
8 6.1 7.62 
-
Organ! SEIS 0 6.5 4.99 -
maintained 1 6.5 5.17 -
at pE 6»5 2 5.53 -
3 6.4" 6.00 -
4 6.4^ '^  6.45 -
5 6.55 7.00 
6 •^5,, 7.34 -
7 6.4'* 7.54 
8 6.3 7.78 -
Organisms 0 6.5 4.99 0.60 
plus phage 1 6.5 5.17 0.60 
2 6.5 5.58 1.40 
3 6.5 5.77 2.96 
4 6»4 6.34 3.88 
5 6.4 6.69 5.40 
6 6.4 5.32 7.65 
r^ ' { 6.4 <2.00 7.55 
b 6.4 <2.00 8.30 
Organisms 0 6.5 4.98 1.18 
plus phage 1 6.5 5.15 1.40 
maintained 2 6.5 5.59 1.65 
at pH 6.5 '5 6.5 6.00 2.30 
4 6.5 6.53 4.65 
5 6.5 7.15 6.18 
6 6.4'"^  4.13 6.40 
fj 6.5 <2.00 6.40 
8 6.5 <2.00 8.30 
11 laOH added to bring pE to desired level 
Table 6 
Population changes In the S. creirioria 573-bacteriopliaga F55 
comDlnatlon during incubation at 32® C • i-ii litmus 
milk at pH 7.,5 (Trials 1 and 2) 
Log of Log of 
Culture Tim e bacteria phage 
(hr ooiint/ffll. titer/ml. 
1 2 1 2 1 2 1 2 
Organ isra 0 0 7.5 7.5 4.74 4 . 69 . 
control 3 3 7.5 7.5 5.33 5.29 - -
5 5 7.39 7.46 6.00 6.23 -
~ 7.39 - 6,61 - - -
7 7 7,27 7.4 6 .96 7.12 - • 
8 - 7.2 M 7.32 - • -
- 9 - 7.15 - 7.46 - -
Orgstnisma 0 0 7.5 7.52 4.52 4.54 
maintained. 3 7.49 7.53 5.36 5.30 - -
at pH 7.5 5 5 7.sr"' 7.50 6.16 6.25 - -
6 7.42*" - 6.76 - ~ • 
rf / 7 7.53 7.45'^^ 6.95 6.92 -
8 ••• 7.45 - 7.10 - -
«!• 9 - 7.23 - 7.40 - -
Orgaiii sms 0 0 7.5 7.5 4.72 4.77 0.35 0.50 
plus phage 3 5 7.49 7.5 5.37 5.30 1.40 1.40 
5 5 7.4 7.5 6,13 6 . 00 2.98 2.18 
6 - 7.4 - 6.61 « 4.40 > 
7 7 7.32 7.38 6 . 94 •5.85 w- • 5.40 
8 - 7.2 - 6.83 - 7,15^ -
-
9 - 7.1 7.00 - 7.40 
Organisms 0 0 7.5 7.52 4.74 0.60 0.95 
plus phage •K 3 7.5 7.5 5.34 1.40 1.60 
maintained 5 o 7.46 7. 6.11 3.40 1.98 
at pll 7.5 6 « 7.4"'- - 6.74 - 3.68 -
7 7 7.56 7.49 . 90 4.18 5.65 
8 - 7.51 - 7.10 M 5.40 -
-
9 mm 7.03 • - 6.34 
11 HaOE added to brixig pH to desired level 
plates contaminated 
Table 7 
Population changes in the S. creaorla 573-bacteriophag0 F55 
combination cixiring incubation at "320 C. in litmus 
milk at pli 7.6 {Triala 1 and 2) 
Log of Log of 
Time pH bacteria phase 
Culture (hr.) count/ml, titer/ml. 
Organism 0 - 7,56 - 4.59 - - -
control 5 - 7.58 4.95 - — 
5 - 7.51 - 5.61 - - -
6 - 7.51 6.11 4M - -
rj 7.42 - 6.48 - - -
8 - 7.38 - 6.93 - - -
Org ani sins 0 0 7.6 4.64 4.94 > 
maintained S 3 7.6 7.42^^ 4.88 5.16 - -
at pH 7,6 5 S 7.6 7.58 5.46 5.59 - -
6 - 7.53'^  - 5.92 - -
7 7 7.6 7.45 6.30 6.28 - -
8 7.42 6.81 - - -
9 - 7.7 - 6.89 - -
~ 11 - 7.38 - 7.23 - -
Org ani sias 0 7.6 4.64 1.40 
plus phage 3 - 7.58 - 4.81 - 1.40 -
5 - 7.52 - 5.61 - <2.00 -
6 - 7.5 - 6.06 > 2.18 
7 • 7.46 - 6.31 - 3.60 -
8 - 7.32 - 6.89 - 3.98 -
Organ!sms 0 0 7.6 7.6^ 4.52 4.83 1.40 1.40 
plus phage 3 3 7.62 7.4^ 4.85 5.28 1.40 1.40 
maintained 5 5 7.5* 7.62 5.52 5 .89 1.60 1.40 
at pH 7.6 6 « 7.6 - 6,02 - <1.60 -
7 7 7.6 7.6 6.21 6.83 2.18 1.30 
8 0 7.5 - 6.72 - 2.48 -
9 - 7.4^ - 7.00 - 2.48 
11 7,38 - 7.36 2.30 
IN NaOH added to bring pH to desired level 
35 
Table 6 
Fopulation changes in tts J. creaoris 575-bactsrlopl 
cotfibiniatlon during longer- Inciibation at 5S® C« 
In lltaus silk at pii 7,6 (Trial 3) 
•ace P55 
Culture Tliaa 
(hr.) 
of Log of 
ijactarla phage 
coimt/inl, titer/inl, 
Or.garilsflxs 
raaintainad 
at dH 7.6 
0 
12 
15 
18 
7.6 
7,4'^  ^
7,3'^  
7.54 
sai 
7.51 
7.65 
6,20 
Organisms 
plus phage 
TaaSiitalBed 
at pB 7*6 
0 
12 
15 
18 
7.6__ 
7 « 39 
7.3'''" 
7.6 
4» 4.74 7.20 
7.71 
&.0& 
1.40 
3.40 
5.40 
5.40 
HaOB added to bring pIl to •desired level 
pB' eimnged so rapidly aft«r 12 hr» ,  adjustment sfery 
If) to 20 mlyiutes was necessary 
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Table 9 
Population changes in the 3. cremorls 573-bact0riopliage F55 
combination during inc'ubatlon at 52° C. in litmus 
allk at pH 8.0 
' , Time 
Culture ' {hr ) bacteria phage 
count/ml, titer/ml# 
Organism 0 8 .0 4« ,97 tw 
control 10 7 .45 6« ,50 -
12 7 .25 7. ,14 
14 6 .75 7, ,71 -
16 5 . 8 8. ,59 
18 5 .1 8, ,96 -
Organisms 0 8 .0 . 5, 00 . 
maintained 10 7 .75*"' 6. 18 
at pH 8.0 12 7 6, ,49 
14 8 .0 6. ,67 
16 7 6, .97 
18 8 .0 6, ,72 
Organisms 0 8 . 0 5. ,08 1, 40 
plus phage 10 7 .6 6, ,27 2, .30 
12 7 .25 7, 04 4. ,65 
14 6 .95 7, 28 5. 65 
16 6 .3 . 2. ,47 9, 04 
. 18 6 .25 <2. ,00 9, 04 
Organisms 0 8 4, 88 1. ,40 
plus phage 10 7 .65^ " 6. 17 0. ,85 
maintained 12 7 6, .44 0. ,60 
at pH 8.0 14 7 .8'^  6, .51 1. 40 
16 7 6, .85 <0. 48 
18 8 *1 6, .47 <0, •48 
11 IfaOH add«d to bring pH to desired level 
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p H  5 . 4  
p  H  5 .  2  
pH  7 .  6  
PH 5.0 
pH 8 .  0  
0  2  4  6  8  10  12  14  16  18  20  22  24  
T I M E  I N  H O U  R S  
Fig. 1. Stimmary of typical data of bacteriophage 
F55 population changes at various pH levels 
pH 7 .  6  
p  H  6 -  5  
pH 7 .  5  
/ j  
pH 5 .4  
pH 5 .  2  
_pH 8 .0  
pH 5 .0  
T 
I  '  I  I  I  I  I  I  I  1 1  
)  2  4  6  8  1 0  1 2  1 4  1 6  1 8  2 0 2 2  2 4  
T I M E  O F  H O U R S  
' ig, 2. Surrmiary of typical data of S. cr-eriorls 573 
population changes at various pK levels® 
S9 
StreptococGua lactia W2-bacteriophage P24 
co:abination 
"ii 'lS pop U.X&ti i-0X1 Cj.lS.Iif;SS iOr tiii.6 01*£IS-rj.XSi:i~0S.C''CC3l'i.0pi'i£ig9 
comb in at ion at tLe various pix levels are preseiated In tablos 
10 tlii 'Ougiu. 23 aiad. a suiiiiuary ol typical cat& is shown in figures 
3 and 4, S. 1 act is 32 grows very rapidly and over a pll range 
of 4,C to ;)»4» Tlie hoiuologous Dacterlophage r24 alau multiplied 
over a large pH range. The bacteriophage proliferation was 
completely inldbited for a 30 nr. incubation period in ¥-8 broth 
at pH 4.7 (ta I'J 16 10). At this pE the o "rganisw also failed to 
show ;:rowtj' .i  nuring the 30 hr. of incuhstion. 
At pH 4.b (table 11) the bacteriophaye proliferation was 
retarded but there was evidence of increassa in bacteriophage 
mjiiifcers ai'ter 24 hr. of Incubation. The prolonged lag phase of 
the organism at pll 4.8 also is evident. At ph 5.0 (table 12) 
the lay phase of the orpanism as well as of the bacteriophage 
is decreased as compared to ph 4.8 (table 11). Ihe population 
of bacteriophage at pii 5.0 is considerably greater than that 
attained at ph. 4.6, even after 48 hr, incubation, 
hass lysis of the oiKfnis.Ks occurred durinr: a 12 to 14 
hr. incubation period over a pH ranye of S.O to 7.6| canparea 
to pH 6.5, i t  waa delsjeS 7 to 0 hr. at pi,: '  5,0 (table 12) and 
5 to 8 hr. at ph 7,6 (table 15.) 
Th6 P24 bacteri ophape did not 3h.ow jiorked s= onpitivity to 
the alkaline reactions; however, i  acterlo ,h 3.;--e poOil ntions 
gradually declined as the pH was increased. At pH 9.1 and 9.4 
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the lag phase of "bacterlopliage proliferation was extended by 
approximately 12 hr. (tables 22 and 23). 
With the W2-F24 combination the data Indicate that the 
bacteriophage amitipiication occurred over the entire pfi range 
of organism growth. The organisms failed to grow at pli 4,7 
(table 10) during 30 hr. incubation and the bacteriophage failed 
to multiply, actually decreasing in numbers. A difference'of 
0,1 of a pH xmit (from 4.7 to 4.8) made a decided difference in 
bacteriophage multiplication• At pH 4.8 (table 11) there waa 
only a slight increase in organism nuiubers and with the organism 
increase the bacteriophage also increased. When the pE was 
raised to 5.0 the bacteriophage began to lyse one of the two 
cultures (table 12) and built up to a high titer in the other 
culture. At pH 5.2 (table 15) some lysis oceiw'red in less than 
12 br. and appreciable secondary growth had become evident by 
16 hr. 
Mass lysis occurred at pH 7.6 (table 15) but it was retarded 
considerably as compared to p!I 6.5 (table 14). The final total 
bacteriophage populations at these two pH levels were essentially 
the same; however, there waa a 4 to 5 hr. delay at pH 7.6 for 
the bsicteriophage population to reach the same level as it did 
at pH 6.5. 
At pH levels of 8.0 and above mass lysis failed to occur 
during the incubation periods used. There was a longer lag 
phase of both organisra growth and bacteriophage proliferation 
as the pH was raised through the higher alkaline ranges. In 
the range of pH 6.0 through 8.8 the organism numbers increased 
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gradually daring the incubation period. At pll 8.6 (table 20) 
there was very little increase in organism nmnbers after 12 iir. 
and bacteriophage reached its maximum level after about 12 to 
15 lir. and then declined upon continu.ed incubation. In general, 
at pE levels of 9.1 and 9.4 there first was a decrease in organism 
mombers and then a slight increase; it was during this increase 
that the bacteriophage multiplication took place in some trials 
(table 22 and 23). Trial 2 at pH 9.4 (table 23) la an exception 
to this, since there was •virtually no Increase in the organism 
population at any time during the incubation period and yet the 
final bacteriophage titer was quite high. It is possible that 
this may be accounted for by the high Initial bacteriophage 
population in this trial. Apparently many of the susceptible 
cells were infected %nd lysed before organism growth was initiated. 
Prom the data presented, bacteriophage P24 proliferation 
occurred wherever there was positive growth of its homologus 
organisra and the pH influenced only the rate of bacteriophage 
proliferation. The proliferation of the bacteriophage is 
summarised in figure 3. The slopes of the lines representing 
the logarithms of bacteriophage titers at pK levels of 5.0, 6.5, 
7.6 and 8.3 are all quite similar. The lag phase is sorfiewhat 
longer at pH 7.6 than at pH 6.5 and at px! 5.0 and 8.3 the lag 
phase is extended up to about 6 hr. The lag phase is fui'ther 
prolonged at pH levels of 4.8, 9.1 and 9.4. By comparing 
figures 5 and 4 it will be noticed that the inci'ease in bacter­
iophage population coincides with the increase of organism 
nuiabers at pH levels of 9.1 arid 9.4. 
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It is of interest to note the additional tlae required 
for lysing the organisms at pE 7.6 (figure 4) as compared 
with pH 3,5. h¥en though the total hacteriophage popuJ.ation 
at pE 7.6 (fig-ire 4) was the sane aa at pH 5.5, about 4 hr. 
longer were required to reach thla level. Mass lysis also was 
delayed 5 to 6 hr. 
Table 10 
Population changes in the S. laotls W2-bact©rlophage P24 
combination during incubation at 32® C. in ¥-8 
broth at pH: 4#7 
Culture 
Time 
(hr.) pH 
Log of Log of 
bacteria phage 
count/ml. tit er/m. 1. 
Organism 0 4.7 5.16 1,40 
plus phage 24 4 , 7  4.64 <0.48 
maintained 30 4.66 4.18 <0.48 
at pH 4«7 
Table 11 
Population changes in the S. lactls Wg-bactariophage F24 
combination during incubation at 32® C. in Y-£ "broth 
at pK 4.8 (Trials 1 and 2) 
Log of of 
Culture Time pH bacteria phage 
(hr. ) count/ml. titer/ml. 
1 2 1 2 1 2 1 2 
Organisms 0 4.82 «» 5.01 
maintained 2 - 4,79 - 5.07 - - -
at pH 4.6 4 - 4.81 - 5.23 - - -
6 - 4.82 - 5.33 -
e - 4.81 - 5.40 - - -
10 - 4,79 5.70 - - -
12 - 4.79 - 5.72 - - «. 
24 - - - - - -
Organisms 0 0 4.E2 4,82 5.11 5.17 0.95 1.40 
plus phage 2 WW 4.79 - 5.22 - 0.60 -
maintained 4 « 4.82 - 5.20 - 1.18 
at pH 4,8 6 - 4.82 - 5,25 > 1.40 
8 - 4,80 *• 5,41 - 0,05 -
10 - 4.60 > 5.64 0.60 -
12 - 4.80 - 5.82 - 0.48 
24 24 urn 4.6 - 5,62 3,65 2.18 
- 30 4.8 - 6.12 - 3.88 
- 46 4.7 M - - 5.55 
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Table 12 
Population changes in the S, 1 act la W2«bacteriophage 
P24 combination during incubation at S2° C. In 
V-8 broth at pH 5.0 (Trials 1 and 2) 
Log of Log of 
Time pH bacteria phage 
Ciil t ure {hr.) comit/ml * tit er/ml» 
1 
Organ! SM 0 0 5.0 5.0 5.16 5.17 
maintained - 3 - 4.99 - 5.24 -
at pil 5.0-4 - 4.98 - 5.59 
- 6 - 5.0 - 5.66 
8 - 4.99 - 6.25 
10 - 4.91'^ "^ - 6.97 
12 12 4.65'"" 4.92 7.70 7.56 
14 - 4.78''^ -- - 8.17 - - -
16 - 4.65^  ^ - 8.42 - - -
18 - 4.62 - 6.51 -
Organisms 0 0 5.0 5.0 5.22 5.12 1.40 1.65 
plus phage - 2 - 4.98 - 5.20 - 1.65 
maintained - 4 - 5.02 - 5.41 - 1.65 
at dH 5.0 - 6 - 5.02 - .• 5.78 - 1.65 
8 - 4.99 - 6.37 - 3 . 4 0  
- 10 - „ 4.91^  ^ - 7.13 - 4.40 
12 12 4.65 4.92 7.97 7.65 7.15^ 6.65 
14 - 4.89*^  - 6.77 - 7.15-^  
16 - 4.98 - 4.48 - 7.15+ 
18 - 4.94 - 4.45 - 9.04 
11 ImOH added to bring pH to desired level 
Talil® 13 
Fopiilstion cbaisiies ip the 3# lactls 2-baet©rioplmg:0 PM 
ccrabillation dtirlr.f inoiibatier at 32® C* in 
llt'jy® 'illk St pll 5*2 
Cult'ar© 
Tia# 
Clir,) pE 
Log of 
bact-€sria 
Log of 
plmgs 
. tit®r/xnl 
Organl®3is 0 5.24 •# 
salatitinesi IB 5.1'^  ^ I • >4 
at pH &»g 14 5,05^  L 15 • 
IS s.ost^  • 
IB e.6i • 
OrgmlsiM 0 5.2 5.16 0#95 
plu3 ph&gM Ig 5.2 3»79 7.15'' 
aa it a ni& 14 5.g 3.?6 7.60 
at i 5*2 16 §•2 4.7S 7.40 
18 5.2 5.40 7.40 
 ^1J| I«.OH $d&@d to bring pH to cl#slr@d level 
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Table 14 
Population changes In the S, lactls W2-baeteriophage P24 
coiablnation during incubation at 32 C. In 
litmus milk at pH 6,5 
Cult tire 
Time 
(hr.) pH 
Log of 
bacteria 
count/ml. 
Log of 
phage 
titea/ml. 
Organisms 0 6.52 5.21 a> 
Hiaint&ined 2 6.52 6.07 mm 
at p-H 6.5 3 6.5 6.80 mi 
4 6,5 7.58 •> 
5 6,5 „ 7,83 
6 7.97 -
7 6.3 8.48 • 
8 6.38 8.75 
-
Organisms 0 6.52 5.28 1.40 
plus phage 2 6,52 6.13 2.65 
maintained 5 6.52 6.84 5.40 
at pE 6,5 4 6.51 7.41 5.40 
5 7 . 6 9  7.40 
6 6.45^ * 4.67 8.34 
7 6,5 2,30 9.15"^  
8 6.5 <2,00 8.65 
IN laOH aiided to bring pH to desired level 
Table 15 
Population changes In the 3.. laotis W2-bacteriophage 
F24 combination diirine: incubation at 32° C. in litsms 
aiilk at pH 7.6 
Culture 
Time 
(hr*) pH 
Log of 
bacteria 
count/ml. 
Log of 
phage 
titer/inl 
Organisms 0 7.61 4,96 
maintained 2 7.61 6,00 -
at pH' 7,6 4 7.47'^^ 7.15 -
6 7.65 7.62 -
6 7.60 8.15 -
• 10 6.85 8,57 -
12 7.53 9.10 -
Organisms 0 7.61 5.03 1.18 
plus phage 2 7.61 5.94 1,40 
maintained 4 7,50"' 6,89 2,18 
at pH 7,6 6 7.64 7.80 3,65 
6 7.60 6,11 5,65 
10 6.93 7.93 7,15+ 
12 7,4 <3,00 9.15+ 
IN laOH added to bring pH to desired level 
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Table 16 
Population chani3.e8 • in the S. lactls 12-bacteriophage P24 
combination during in cub a t i on at""" 32° C. in litmus iiiilk 
at pH 8.0 (Trials 1 and 2) 
pH 
Log of of 
Cult tire Tims bacteria phage 
(tir. ) co\mt/ml. titer/ial. 
1 2 1 2 1 2 1 2 
Orgenisms 0 0 e.o 8.0 4.95 4.87 m. *. 
maintained 2 2 6.0 7.95'" 5.60 5.60 -
at pH 6.0 4 4 . 8.0 . 7.97^ * 6.84 5.52 - -
• 6 6 7.75^ ' 7.75^ -- 7.67 6,48 -
8 8 8.05 7.g-.c 7.66 7.76 - -
10 10 7.98 3.1 7,79 
o
 
<0 
- -
12 12 7.89 7.91 7.65 7.S6 - -
Organi srns 0 0 8.0 8.01 4.94 4,94 0.60 1.18 
piua pliage 2 2 8.0 8.0 5.76 5.63 0.95 0,95 
maintained 4 4 8.03 8.0 6.75 6.90 1.98 1.40 
at pB £.0 <1^  o 6 7.80'^  7.85^  7.54 7.52 1.40 2.30 
8 8 b.Ol 7.9''^  7.73 7.83 1.60 3.65 
10 10 7.99 8.08 7.77 7.79 3.65 3.40 
12 12 7.89 7.88 7.£9 7.93 4.98 4.40 
* IK KaOH added to bring pK to desired level 
T&ole 17 
Population changes in the S. lactis il2-bacteriopliag;e P24 
combination during incubation at 52® C. in litmus milk 
at pH S.2 (Trials 1 and 2) 
Cult lire 
Time Log Of Lof; of 
( iir.) pH bacteria phage 
comit/iTil. titer/:?] 1 .  
1 2 1 2 1 2 1 2  
0 0 8*2 6.22,. 5.05 4.88 
2 2  8.21 8.15'' 5.62 5.47 - -
4 4 8..2? 8.2 6V67 6.43 - -
6 6 S.Cf' 8.06^' 7.37 7.38 -
8 8 8.26 6.25 7.55 7.38 - • 
10 10 • 8.21 8.25 7.42 7.57 -
12 12 8.20 6.2 7.60 7.73 - -
0 0 8,2 • 8*2 • 4.95 4.92 1.40 1.65 
2 2 8.2 8.12" 5.62 5.56 0.95 0.95 
4 4 8.2 8.20 6,70 6.52 1.40 0.95 
6 6 8.0'"* 8.08*^ 7.36 7.42 1.40 0.95 
8 8 8.3 8.25 7.66 7.54 1.60 1.40 
10 10 8.23 8.25 7.69 7.72 2. o4 1.40 
12 12 8.20 8.20 7.65 7.70 3.40 2.65 
Organises 
maintained 
at pE 8.2 
Organisffis 
plus paage 
maintained 
at pH 8.2 
IM IfaOE added to bring pH to desired level 
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Table 18 
Population cfcanges in the S. lactis W2-bacterlophag0 
B'24 combination during Incubation at 32® C. in litems 
milk at pH 6.5 
Tiise of Log of 
Culture (hr.) pH- bacteria phage 
counV'rnl. titer/ml. 
Organisms 0 8. 36 5. 02 
maintained 3 8, .32 5. 87 mm 
at pH 8.S 6 8. 38 7, .17 -
8 8. .2'^  7, .61 -
10 8. 33 7. 61 
12 8, .31 7, .62 
14 8. 35 7, .81 • 
16 8, .35 7, .66 -
Organisms 0 B, .36 4, .98 0. 95 
plus phage 5 8, .32 6, .05 0. 60 
maintained 6 8, 7. 29 1. 40 
at pH 8.3 8 8, .15" 7. 63 1. 65 
10 8. 7. 52 3. 65 
12 8. 3 7, .74 4, .30 
14 8, .3 7, ,69 5. 98 
16 8. 3 7. 77 6. .18 
IK MaOH added to bring pfl to desired level 
Table 19 
Population changes in the _S. lactis W2-bacteriophage 
F24 combination during inc^ibation at 32® G. in litraus 
railk at pH 8.4 
Culture 
Time 
{hr.) pH 
Log of Log of 
bacteria phage 
count/ml. titsr/ml, 
Organisms 0 8. 45 5, ,04 «• 
maintained 3 8, ,4 5. ,67 
at pH 8,4 6 8, .92 -
8 8. ,32 7. 39 
10 8, .49 7, .50 
12 8, .48 7, .49 
14 8. 49 7. 30 m » 
16 8. 4 7, .49 
Organisms 0 8, .45 5. 03 0. 60 
plus phage 3 8, .42 5, .81 0, .60 
maintained 6 8< ,42 7. 17 1, ,40 
at pE 8.4 8 8< ,29*> 7, .49 0. ,95 
10 8. 4 7. 68 1, .40 
12 8. 
' ^ -t. 7, ,61 1. ,60 
14 8, .39"" 7, .53 3, 40 
16 8, 45 7. 60 3, .98 
11 HaOH added to bring pH" to desired level 
'fable 20 
Fo "halation changes in the _§• 1 act la W2-baGteriophag@ 
F24 coi2biria;tion during iricubation at 32® C« In litaus 
jailk at pfi. 8.6 
Culture 
t'iv-e 
fhr.) pE 
Log of 
bactei'3.a 
count/ml. 
Log of 
phage 
tltai/ml. 
Organisms 0 B.65 4.90 
Hiaintaliied 12 S.S^ 6.31 
at pll 8.6 15 a. 59^^ 7.13 -
18 8.53^ 7.28 -
21 w • ? 7.26 -
24 e.6 7.37 
-* 
Organ is E.S 0 ti.68 5.00 <Q.4e 
plus phage 12 7.42 4.04 
maintain ad 15 8.41"^  7.42 4.04 
at dH B»6 18 S.55'''' 7.56 3.40 
21 • B,67 7.51 5.65 
24 8.51 7.56 3.40 
llf f?aOK added, to brlAig pH to desired level 
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Tafel© 21 
Population clmnges in the _3. lactis W2-bact©riopiiage 
P24 combination diiring in.cubation at S2° G. in litmua 
milk at pH 8»8 
Culture 
Time 
(>ir.) PH 
Log of 
bacteria 
counV'nal. 
liOf: of 
phage 
tit ei/ml. 
Organisms 0 8.66 4.94 
maintained 12 6.8 5.49 -
at pH 8.8 15 6.95 • 
18 6.71-'^  6.93 
21 e.86 6.80 -
24 8.81 6.99 mm 
Organisms 0 8'.85 4.96 <0.48 
plus phage 12 8.8 6.55 1.40 
maintained 15 6.75"" 6.78 2.98 
at pH 8.8 le 8.78^ 6.95 4.15"^ 
21 8.8 7.00 4.15+ 
24 B.8 7.10 
IN laOK added to "bring pH to desired level 
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Table 22 
Popiilation ciiaBg;es in the S. 1 act Is -bacteriophage 
P24 cosibination during incubation at 32® C. in litmus 
milk at pH 9.1 
Culture 
Tiine 
(hr.} pH 
Log of 
bacteria 
count/ml. 
Log of 
phage-
titei/ml. 
Organisms 0 9.12 4.96 m-
maintained 12 9,1 „ 4,10 -
at pH 9,1 15 9.05''' 4.87 -
18 9.09 5.36 • • 
21 9.06-^ ' 5.59 • 
24 d. 1 5.47 -
Organ!sms 0 9.09 5.13 1.40 
plua piiage 12 9.1 4.11 1.40 
maintained 15 9.05'^  4.88 3.40 
at pH 9,1 IS 9.1 4.85 4,15+ 
21 9,06" 4,90 4.15+ 
24 9.1 4,36 5.16 
* IM KaOH added to bring pH to desired level 
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Table 23 
Population changes In the S. lactis W2-bact©riophage 
F24 combination during incubation at 32^ C. in 
litmus 'fliilk at pE 9,4 {Trials 1 and 2) 
Tim© Log of Log of 
Culture {lir. ) pH bacteria phag e 
count/rnl. tit er/al. 
1 2 1 2 1 2 1 2 
Organisms 0 0 9.4 9.4 5.09 4.96 »m 
DiaintalnQd 12 12 9.28'^  4.01 2.78 - -
at pH 9.4 14 9.28"'' - 3.23 - -
15 9.S6 - 4.37 - WW -
16 9.4 - 3.67 - -
18 IB 9.58'"* 9.3^ 4.87 4.45 - -
20 • 9.43 4.65 - -
21 9,4 mm 4.86 -
22 • 9.3'^  - 5,09 « -
24 24 . 9.3 9,4 5.01 5.33 - -
Organisms 0 0 9.41^ , 
-if- 5.09 4.94 1.40 3.40 
plus phage 12 12 9.38 9.31 3.84 3.00 1.50 3.40 
maintained » 14 - 9.32''- « 2,70 * 3,65 
at pH 9.4 15 « 9.36^ " - 4.05 - 3.65 » 
• 16 - 9.S9 «<» . 3.00 4,15+ 
18 xC" 9.39 9.31 3.96 5.08 4.15"^  4.40 
20 -> 9.41 «. 2.78 • 5.40 
21 « 9,4 3.87 4.15-^ 
- 22 » 9.38 - 2.70 4.48 
24 24 9.4 9.38 3.71 3.11 
co 
•
 5.98 
IH HaOH added to bring pH to desired level 
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Siiamary of typical data of bacteriophage F2' 
population changes at various pH levels. 
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Streptococcus lactla 712-b&cterlophage F56 
combination 
Tables 24 through 37 show the population changes for 
712 -?56 combiii&tlon at the various pH levels and a suMaary 
of typical data is pi'esented in figvires 5 and 6. S. 1 act is 
712 was not as sensitive to the acid reactions as were the 
other organisins used. It grew quite well at pH 4.7 in, V-S 
broth (table 24). Another interestiri£, characteristic of 
this organiam was the large colonies pr-odueed on TGE?»! agar. 
These colonies were several times larger than colonies from 
other strains. 
In order to promote proliferation of F56 in tlie V-8 
broth, 0.1 per cent of CaClg had to be added to the aiediaio. 
(tables 28 and 29). Sixailar results are reported by Collins 
(1949) for this bacteriophage, using a defined, mediuai. 'r'ith 
the conditions used In this work and also undor the conditions 
used for propagating bacteriophage and preparing filtrates in 
the Dairy Bacteriology laboratories, it was not possible to 
build up a high titer for this particular bacteriophage. 
6 
Usually a titer of 10 was obtained but occasionally the 
titer would be lower. 
Bacteriophage F56 was sensitive to the low pH levels 
and very little, if any, multiplication occurred below pH 5.0 
(tables 24, 25 and 26). .At pH 5.0 in ¥-6 broth with added 
CaClg, bacteriophage multiplication took place. Mass lysis 
took place at pH 5.1 at about the 6th hour (table 29)j however, 
there was not as Go,niplete lyaing of the cells as at pH 6.5 
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(table 33). This might possibly be 'because tlie cycle was 
not followed as far. This same characteristic also was 
noted at pH levels of 5.4 (table 31), 5.7 (table 32) and 
7.5 (table S4). 
yfhen the pH of litmus aiilk was raised to 8,5 (table 35), 
It caused a i^etardlng of the 'bacteriophage multiplication and 
this inhibiting effect becasie greater with an increase in pH. 
At pH 8.6 (tatde 37) there actually was a decrease in bacter­
iophage numbers after 24 hr. incubation. 
Typical data of bacteriophage population changes are 
summarized in figure 5. Of particular interest are the 
definite lag phases in bacteriophage proliferation at pH levels 
of 5.0, 5.6, 6.3 and 8,4. The slopes of the lines representing 
the logaritlms of tha bacteriophage titer give an indication 
of the rate of bacteriophage proliferation. Marked dlffsroncea 
occur at pH levels of 8.3, C,4 and 5.0 as compared to pH 6.5, 
which is taken to be nearer optimuna for bacteriophage multiplica­
tion. 
Figure 6 shows the organism population chang,0s and, in 
general, they follow similar patterns until the pH Is raised 
to 8.6, at which time the curve flattens out considerably. 
At pfl 5.1 the time of reass lysis is increased appi-ojfiinately 
3 hr« over lysis at pH 5.5 in the- exaiaple on the graph, but 
in the first trial at pH 5.1, mass lysis occurred a little 
earlier (table 29). 
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I'abl© 24 
population changes in the S# laetls 712-bactoriophag® 
B'56 comfcinatioa during Sxcubrtion at 52® C» In V-8 
broth plus CaCl2 at pH 4.7 
Culture 
Time 
Clir.) pH 
Log of 
bacteria 
count/ml. 
Log Of 
pbage 
titei/nil. 
Organi SJBS 0 4.7 . 5.10 •' f— 
maintained 2 4.66'^ ' D . OO -
at pi? 4.7 4 4.69 6.02 
6 4.54^  6.94 -
& 4.71 7.63 -
10 4.56® 6. iwS -
12 4.4E fci. B3 -
Organi sas 0 4.7 5.10 0.60 
plus phage 2 4.6e''' 5.39 <0.46 
Mai nt allied 4 4.69 5.&2 0.60 
at pH 4.7 6 4.56ia- 6.S7 0.95 
8 4.70 7.43 0.60 
10 4.61'' V . 'J 4: <0.46 
12 4.52 e.72 O .SO 
* 1^ SaOH «ddQd to bring pH to desired level 
Table 25 
Population changes In the _S. lactis 712-bactei'iophage 
F56 combination during incubation at 32° C. in V-8 
broth plus GaClg at pH 4.8 
Culture 
Time 
(nr.) pH 
Log of 
bacteria 
count/ml. 
Log of 
phage 
titer/ml, 
Organisms 0 4.8 5.09 
maintained 2 4.81 5.37 -
at pH 4.8 4 4.81 6.03 
6 4.81 6.85 « 
6 4.79^  7.45 
10 4,7* 8.21 mm 
12 4.6 6.70 -
Organi s.ms 0 4.8 5.11 0.95 
plus phage 2 4.81 5.47 0.60 
maintained 4 4.81 6.05 <0.48 
at pH 4.8 6 4.81 6.94 <0.48 
6 4.71^  ^ 7.53 <0.46 
10 4.7'^  6.47 1.40 
12 4.6 8.72 <0.48 
IH HaOH added to bring pH to desired level 
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Table 26 
Pop'olatlon changes in the S. lactis 712-bacteriophage 
P56 combination duriiig incubation at 32® C. in 
V-8 broth plus CaCl at pH 4.9 {Trials 1 and 2) 
iiOS of Log of 
n 1 w-
Ju ~iL.il. le pH bacteria pha. c":e 
Cul t Lxr e (hr .) count/ml. t it er/ml, 
1 2 1 2 1 2 1 2 
Organisias 0 0 4,9 4.b9 5.22 5.22 mm 
maintained 2 2 4.93 4.89 5.41 5.48 mm 
at pH 4.9 4 4 4.93 4.9 6.14 5.33 - » 
6 6 4.91 4.9 7.18 7.25 - -
8 B 4.86'^ * 4.8'^  7.73 7.95 -
10 10 4.82* 4.71^ * 8.65 8.59 - -
12 - 4.65 - 8.80 - - -
Organisms 0 0 4.9 4.9 IV 9 -L "S- c: r •;" > i) . ^ 1.40 2,98 
plxis phage r> 2 4.93 4.9 o . 42 5.53 1.65 2.65 
maint ained. 4 4 4.91 4.9 6.27 6.28 <0.48 2.65 
at pll 4.9 6 6 4.90 4.9 7.20 7.67 1.40 3.40 
8 8 4.85^  4. 8^ " 7,74 7.95 <0.48 2.98 
10 10 4.85^ ' 4.75^ "' 8.70 0.95 3.40 
12 •• 4.6 8.88 "" <0.48 — 
® llT NaOH addad to bring pE to desired level 
Table 27 
Population changes in the _S. lactls '712-bacterlopliage 
F56 combination during Incubation at 32 C. in Y-6 broth 
plus CaCl2 at pH 5.0 
(jsg,Q Log of Log or 
Gultixre (hr.) bact'-ria phage 
c ;nt/ml .tit er/ml. 
Organisms 0 5«0 5.23 
maintained 2 5.0 5.46 -
at pE 5.0 4 5.0 6.33 
6 5.Q 7.24 
6 4,85^  8.11 
10 4.7^  8.81 
Organisms 0 5.0 5.18 2.65 
IK. plus phage 2 5.0 5.51 
maintained 4 5.0 6.36 2.65 
at pE 5.0 6 5.0 7.30 3.65 
8 8.05 5.98 
10 4.71* 6.79 5.15"^  
^ IN NaOH added to bring pH to desired level 
Table 28 
Population changes in the S. lactis 712-bacteriopliage 
B"56 combination during incubation at 32 C» in V-S 
broth at pH 5.1 
Culture 
Tirae 
(lir.) pH 
Log of 
bacteria 
count/ml. 
Log of 
phage 
tlter/ml, 
Organiaras 0 5.1 5.09 
m^.ntained 2 5.12 5.44 -
at pH 5.1 • 4 5.1 6.25 -• 
6 5.02^  ^ 7.05 -
8 • 7.73 » 
10 4.54'' 8.55 
12 4.4 8.65 -
Organisms 0 5.08 5.16 , 0.60 
plus phage 2 5.1 5.47 <0.20 
maintained 4 5.1 6.29 <0.20 
at pH 5.1 6 5.0'"^ " 7.00 0.60 
8 5.01''^  7.54 <0.20 
10 4.6'^ ' 8.79 1.40 
12 4.5 9.06 0.95 
IH WaOII added to bring pH to desired leval 
fable 29 
Population changes in the S. lactis 712-bacteriopb.age 
,F56 corabinatioii during Incubation at 52^  C« in 
¥-8 broth pl-us GaClg at pH 5.1 (Trials 1 and 2) 
Of Log of 
Time pH bacteria phage 
Cul tiir e {hr. } count/jiil. titer/ral. 
1 2 1 2 1 2 1 2 
Organi sms 0 5.1 «a> 5.19 
maintained 2 - 5.01''^ ' - 5.52 - - «•» 
at pH 5.1 4 - 5.08 - 6.50 * * 
6 - 5.01'^  - 7.65 - -
8 4.82'"" ^ - 8.42 - mm -
10 
- 4.23 - 9.05 - -
Organisms 0 0 5.1 5.12 5.15 5.24 1.40 3.40 
plus phage 2 2 5.0* 5.11 5.84 5.74 0.95 2.98 
maintained 4 4 5.12 5.13 6.30 6.75 3.40 3.40 
at pH. 5 * 1 6 0 5.09 5.1 7.31 7.66 3.9 ui 5.15"^  
6 8 b.lV"'-"4. 98'''' 4.72 7. SO 4.40 5.15+ 
10 10 5.10 4.72 5.15 4.98 7.04 
IN KaOH added to bring pH to desired, level 
(>alti3j?e cleared 
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Table 30 
Popviiation changes in the _S. lactls 712-bacteriophage 
F56 combination during incubation'at 32® C. In 
litiaua milk at pH 5»2 
I'lme Log of Log of 
Culture (h.r,) pH bacteria phage 
count/ral. t iter/sil. 
Organisms 0 5.2 
maintained 2 5.2 
at pH 5,2 4 5.2 
6 
8 
5 •If'' 
5.1'' 
10 5.1^ -
12 5.08 
Organisms 0 5.25 
plus phage 2 5.2 
maintained 4 5.2 
at pH 5.2 6 
8 
5.15'^  
^ • X 
10 5.12"'^  
12 5.21 
5.17 
5.56 
6.26 
5.94 
7.54 
8.10 
8.41 
5.15 
5.63 
6.28 
6.97 
7.66 
7.51 
6.02 
1.40 
<0.48 
1.40 
1.40 
1.40 
5.65 
5.98 
IN NaOH added to bring pH to desired level 
Table 31 
Population changes In ths S_. lactis 712-bacteriophag6 
P56 combination during iiicubation at 32° C. in 
litmus milk at pH 5.4 
Culture 
Time 
(hr.} pH 
Log of Log of 
bacteria phage 
co'ontA'l .tit er/ml 
Organisms 0 5.4 5.19 
maintained 2 5.4 5.71 -
at pli 5.4 4 5.4 6.29 -
6 5.4 7.22 -
8 5.4 7.76 • 
10 5.3^ ' 8.18 
12 5.28 S.65 
-
Organisms 0 5.4 5.32 1.40 
plus phage 2 5.4 . 5.43 0.35 
maintained 4 5.4 6.32 1.40 
at pH 5.4 6 5.38 7.10 1.40 
8 5.35^ ' 7.67 5.40 
10 5.52''''" 6.54 3.98 
12 5.35 4.82 6.40 
IM MaOH added to bring pH to desired level 
Table 32 
Popixlatlon changes in tli® _S. lactla 712-bacterioph.age 
F56 combination during iiicubatlon at 32 C. in litmus 
milk at pH 5.7 
Culture 
Time 
(hr.) pH 
Log of 
bacteria 
co'unV'nil. 
Log of 
ph&g® 
titeyml. 
Organi ams 0 5.7 5.X4 
maintained 2 5.7 • 5.67 mm 
at pH 5.7 4 5.7 6.91 « 
6 5.7 7.74 • 
6 5.6'"' 6.31 
10 5.4r'^  8.76 -
12 5.61 9.33 -
Organi sias 0 5.73 5.10 1.40 
plus phage 2 5.73 5.70 0.95 
maintained. 4 5.73 6 .92 1.40 
at pH 5.7 6 5.71 5.35 1.40 
8 5.65''-^  3.20 5.40 
10 5.72 3.08 3.98 
12 5.72 3.90 6.40 
IH IlaOH added, to bring pH to desired leirel 
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Table 33 
Population clianges in the S* lactis 712-bacteriophage 
P56 combination during incubation at 32® C, in lltnms 
milk at pH 6.5 
Time Log of Log of 
Culture (hr.) pH bacteria phage 
count/ml .titer/nil 
Organisms 0 6.5 5.20 
maintained 1 6.5 5.41 
at pE 6,5 2 6.5 5.88 -
3 6.5 6.45 -
4 6.45" 7.14 -
5 7.79 <» 
6 6.4''" 8.03 -
7 6.39'"^ ' 8.27 -
8 6.59 8.77 -
Organi sais 0 6.5 5.18 1.40 
plus phage 1 6.5 5.57 1.40 
maintained 2 6.5 5.89 1.65 
at pH 6 • 5 3 6.5 6.48 2,40 
4 6.45^  7.20 4.40 
5 6 . 47'^  6.16 5.40 
6 6.5 2.90 5.65 
7 6.5 2.30 5.98 
8 6.5 <2,00 5.96 
^ IN laOH to bring pH to desired level 
ni 
I -L. 
Table 34 
population changes in the S» laetls 712-bacteriophag8 
F56 combination during Incubation at 32® C» in litmus 
miik at pH 7«5 
Culture 
Time 
(nr.} PH 
Log of 
bacteria 
coxmt/rnl. 
Log of 
pliag© 
titer/inl, 
Organisms 0 7.5 5.19 
malnt ained. 2 7,5 5.91 -
at pH 7,5 4 7.43^ ' 6.96 «*• 
6 7.43''^  • 7.20 
8 7.35* 8.03 
10 7.3 8.50 
-
Organ isras 0 7.52 5.13 2.65 
plus phag;e 2 7.52 6.00 3.40 
maintained 4 7.45^ ' 6.93 4.15+ 
at pH 7.5 6 7.48"* 5.88 6.65 
8 7.52 2.95 6.40 
10 7.52 3.00 6.65 
^ IH NaOH added to bring pH to desired level 
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Table 35 
Population changes in the S, lactis 712-bact0rlopliage 
P56 combination durir incubation'at 32® C. in 
l i t m u s  m i I k  a t  p i  L . 3  ( T r i a l s  1  a n d  2 )  
Culture 
Time 
Ciir.) 
pli 
Log of 
bacteria 
count/till* 
Log of 
phage 
titer/ml# 
OrgBTiisms 0 0 8.3 'o»2 5.15 5.22 - mm 
maintained 2 2 6.29 8.26^  5.44 5.44 mm 
at pH 8,S 4 4 8.2'^ ''' 6,26^  ^ 6.26 6.17 • 
6 6 8.29'^ ' 8.32 6.80 6.85 - -
8 8 8.SO 8.29 7.06 7.15 » 
10 10 8,17'> 6.3 7.36 7.49 mm mm 
12 12 8.38 8.22^  8.04 7.89 • 
14 - 8.19^  m 8.09 • 
-
16 «•* 8.28 - 8.26 - -
Organ!sas 0 0 8.28 5.22 •5.13 2.65 2.49 
plus phage 2 2 8.24^ " 6.25^  5.46 5.41 2.40 2.40 
maln.tained 4 4 8.25"^  8.30 6,53 6.07 2.40 1.65 
at pE 8.5 6 6 8.51 8.26-^  6.84 6.71 2.65 1.40 
e 8 8.26« 8.25''^  7.29 7.07 3.40 2.65 
10 10 8.2'-^  6.5 7,14 7.51 • 3.65 2.40 
12 12 8.31 8.2*^ . 7.97 7.95 3.98 3*40 
- 14 - 8.22'^  - 8.14 3.40 
- 16 - c . 35 - 8,18 - 3.40 
* III MaOH added to bring pE to desired level 
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Table 36 
Population changes In the S. lactig 712-bacterlophage 
B'56 combination during incubation at 32° C, in litmus 
ra3.1k at pH 8.4 
Tims Log of Log of 
Culture (hr.) pH bacteria phage 
C o -unt/ml. 111 e r/ml. 
Organlsms 0 S, ,32'' 5, .06 • 
laalnt allied. 2 8. 41 5. 31 
at pH 8.4 4 8. 36 5. 79 
6 81 .42 6, .41 
8 b. 39 6 < .83 -
10 8. ,41 7, ,28 -
12 8. 42 7. 56 
14 A v.--" 1 7, .70 
16 8, .45 7. ,89 
Organls«a 
plus phage 
0 6, 5. 10 1. ,65 
2 .38^ 5. 27 1. ,40 
maintained 4 8, .32^^ 6. 04 1, .65 
at pH 6.4 6 8, .42 O i .42 1, .40 
8 8, .36^ '" 6, .97 2, .65 
10 0 01 .4 7. 34 2. 40 
12 8, .39 7. 59 2, .65 
14 -. 29''^ 7. 85 S, .40 
16 8, .45 7. »88 2. 98 
IN KaOH added to bring pH to desired lavel 
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Table 57 
Population ehangea in the S. lactis 712-bacteriophage 
F56 cosTibination during incubation at 32® C» in litmus 
milk at pH 8.6 
Culture 
Time 
(i-ir.) pH 
Log of 
bacteria 
counl/ml • 
iiOg of 
phage 
tit©:/ml. 
Organisms 0 S. 68 4.76 1.40 
plus phage 12 6.66 6.38 <0.48 
.maint ained 15 B.6 7.09 0.95 
at pH 8.6 18 8 , 49"' 7.55 1.40 
21 8.55*' 7.67 0.95 
24 6.68 7.67 0.48 
IH KaOE added, to bring pH to desired level 
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Streptococciis cremorts HI, 1-bacteriophage F4 
combination 
The population changes for Hl,l-F4 combination are 
shown in tables 2b through 48 and a smm&rj of typical data 
is presented In figures 7 and 8. This particular bacterio­
phage multiplied oi'er the pH range from 5.2 to 9.4 Very high 
titers were obtained at pH levels of 5.4, 6.3 and 6.5 (tables 
42, 43 and 44). 
Table 38 shows a slight but retarded increase in bacter­
iophage numbers at pH 5.0 in ¥-8 broth. Similar results are 
shov'.'n in table 39. The ¥-8 broth used in securing the data 
for table 38 contained 0.1 per cent of CaClg, while the other 
trial (table 39) was run without CaClg. Also by comparison 
of table 43 with table 44 at pH le^rels of 6.3 and 6.5, respec­
tively, indications are that added CaClg was not necessary for 
Eiultipllcation of this partictilar strain of bacteriophage. 
Bacteriophage proliferation occurred in litmus irillk at 
pH 5.2 (table 40) but was greatly retarded as cojapared with 
pH 6.5 (table 44). Of interest at ph 5.2 (table 40) is the 
large numbers of organisms that were maintained from 12 to 
24 hr. while the bacteriophage numbers increased relatively 
little during this period, after reaching fairly high numbers 
at about 12 hr» The organism numbers compare favorably to 
the numbers of the control where no bacteriophage was present. 
In trial 2 at pH 5.3 (table 41), mass lysis of the 
organisms took place between 6 and 8 hr., while in trial 1 
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mass lysis did not occtir in 24 tir. This possibly raay be 
explained by the slight variation of the pH in. the two 
trials. In trial 1 the pK was dropping befor® the bacter­
iophage population had really begxin to increase, kt pE 5#2 
(table 40) the sensitivity of the bacteriophage to pH levels 
in this range Is shown ai,d it is possible that the slightly 
lower pH in trial 1 (table 41) accounts for the extgrided 
Incubation period without lysis occurririg, 
Ths organisias of this combination show more sensitivity 
to the alkaline reactions than does the bacteriophage. At 
pH 8.2 (table 45) the organisms growth is greatly retarded, 
while ths bacteriophage built up to a rather high titer. Of 
course the maximxim organism population 3say have been missed 
due to the 12 hr. lapse froia the time of the initial count to 
the next count. Howevar this is doubtful, since there was no 
great fluctuation in the pH during that time. A similar 
situation also is ghoTO at pH 8.6 (table 46). 
An interesting but at the present unexplained phenomenon 
occurred with this combination at high pH levels. On several 
occasions considerable bacteriophag© proliferation would take 
place at ono pE sud not at a lower pH. ?/hen the data were 
tabulated it was found that the organisms did not always show 
positive growtn in a 24 hr. period. There is no logical 
explanation for tl'iis since all procedures were standardized 
and very closely controlled. At pH levels of 9.1 and 9.4 
(tables 47 and 48) there waa a decrease in nuoiber of organisms 
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after the original counts were made. If during the Incuba­
tion period the organisms becas-e adjusted and showed evidence 
of growth, the bacteriopliage numbers increased very rapidly. 
Pigur© 7 sumiiiarises typical data on the bacteriophage 
population changes for tMs combination. Of particiuar interest 
are the prolonged lag phases at pH levels of 8.6, 9,1 and 9,4. 
In each case, whan bacteriophage proliferation begins, the 
increase is almost as rapid aa at pH 6.5 for a few houi's but 
it then tapers off more abruptly and at a much loifer total 
population, 
strmmar-y of the organism population changes is shown 
in figure 8. Again the higher pH levels (8.6, 9.1 and 9,4) 
are of interest. In each case there Is a decrease in number 
of organis;ins followed by an increase. This increase in number 
of organisms is correlated closely with the bacteriophage 
proliferation (figure 7), At pH 8.6 there is an indication 
that lEass lysis occurred between the 18th and 22nd hours. 
This is not the typical abrupt and complete lysis that occtors 
at lower pH levels but a more gradual one and not nearly so 
complete on a percentage basis. 
Table 38 
Poptilation changes in the S. cremorls 
Hl,l-bacterioplias0 P4 combination during incubation at 
32° C. in ¥-8 broth plus CaCl at pH 5.0 
Culture 
Time 
(hr.) pH 
Log of 
bacteria 
count/ml. 
Log of 
phage 
titer/ml. 
Organisms 0 5.0 4.76 
maint ained 2 4.99 4.69 -
at pH 5.0 4 4.99 4.57 -
6 4.99 4.00 > 
8 4.99 3.28 M* 
10 4.92'^  2.50 
12 5.02 2.48 -
24 - — » 
Organisms 0 5.0 4.67 1.98 
plus phage 2 5.0 4.81 1.98 
maintained 4 5.0 4.65 1.30 
at pH 5.0 6 5.0 4.09 1.65 
8 5.0 2.70 1.65 
10 4.98 2.30 0.95 
12 4 .96 2.30 1.30 
24 3.40 
^ IN NaOH added to bring pH to desired level 
Table 39 
Population changes in the _S. cremoris 
Hl,l-bacteriophage P4 eorablnatlon during incubation at 
32° C» in V'-8 broth, at pH 5.0 
Culture 
Time 
(lir.) pH 
Log of 
bacteria 
Counl/ml. 
Log of 
phage 
tit e^ nl. 
Organism 0 5.0 4.54 
control 6 5.0 4.53 -
6 5.0 4.54 
10 4.95 4.52 -
12 4.95 4.53 -
14 4.95 4.32 
24 4.95 -
•Organisms 0 5.0 4.51 
maintained 6 5.0 4.58 -
at pH 5.0 8 5.0 4.51 -
10 4.95 4.53 
12 4.95 4.30 -
14 4.95 4.25 MB 
24 4.95 -
Organisms 0 5.0 4.39 1.40 
plus phage 6 5.0 4.38 1.40 
8 5.0 4.60 1.60 
10 4.95 4.38 1.60 
12 4.95 4.49 1.18 
14 4.95 4.37 1.65 
24: 4.95 «. "Si'* ' 2.65 
Organisms 0 5.0 4.34 1.40 
plus phage 6 5.0 4.48 1.40 
maintained, 8 5.0 4.28 1.88 
at pH 5.0' 10 5.0 4.30 1.60 
12 5.0 4.59 1.40 
14 5.0 4.31 1.40 
24 5.0 tm. ^ 1.40 
Plate count was not made 
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Table 40 
Population changes in the S. creaorls Hi,l-bacteriopliage 
F4 combination during Inciibation at 32° C» in litraus 
milk at pE 5«2 (Trials 1 and 2) 
^og of Lof; of 
Time pH bacteria phage 
Cul tiire \ > * X ir.) count/ail. titer/ml. 
1 2 1 2 1 2 1 2 
Organisms 0 0 5.2 5.2 4.51 4.64 
maint ained 6 - 5.2 • 4.99 • 
at pE 5.2 8 8 5.2 5.2 4.90 7.08 > • 
10 - 5.2 - 5.15 • mm • 
12 12 5.2 C7 "5 iJ « J. H..) 6.09 7.41 
14 - 5.2 «N» 6.60 • • 
«. 18 mm 5.2 «•» 7.50 
- 20 - 5.2 . 7.51 -
«• 21 5.2 • 7.61 > .. 
22 - 5.2 7.60 • 
23 - 5.2 > 7.72 .. 
24 24 4.9 5.2 7.32 7.64 
-
Organisais 0 0 5.2 5.2 4.49 4.61 1.48 1.65 
plus phage 6 - 5.2 5.15 mm 1.60 
maint ained. 8 8 5.2 5.2 5.30 7.06 2.88 • 3.98 
at pH 5.2 10 - 5.2 
- 5.70 • 5.95 mm 
12 12 5.2 5.15'"" 6.54 7.40 6 . 40 5.65 
14 - 5.2 mm 6.89 - 6.18 
- 18 - 5.2 .. - 7.61 - 6.40 
20 4m 5.15" - 7.52 • 7.18 
- 21 mm 5.2 mm 7.44 6.65 
- 22 - 5.15 - 7.50 «• 7.18 
- 23 - 5.2 - 7.47 • 6.65 
24 24 4.9 5.2 6.89 6.95 6.98 6.30 
1-S KaOF added to orinp; pE tc ciesired. level 
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Table 41 
Population oliangss in the S. cremorls Hl,l-t>act©rlophage 
F4 combination dtirlng incubation at 32® C. in litmus 
milk at pH 5.3 (Trials 1 and 2) 
Ciilt\ire 
Tirae 
(lir.) 
Log of 
bacteria 
count/ml. 
1 2 1 2 1 2 
O'rganism 0 0 5.3 5.35 4.56 4.59 
control 6 6 5.3 5.35 5.94 5.96 
8 8 5.2 5.35 6.51 6.61 
10 10 S»2„ „ 5.25 7.11 7.09 
12 12 5.1'"''" 5.15 7.46 7.44 
14 14 5.05 5.05 7.45 7.51 
24 24 4.9 4.8 7.51 7.47 
Organisms 0 0 5.3 5.3 4.67 4.37 
maintained 5 6 5.3 5.3 5.79 5.74 
at pK 5.3 S 8 5.25!: 5.5 „ 6.59 6 . 26 
10 10 5.25'"' 5.25"'' 7.17 6.83 
12 12 5.2^ ' 5.25'> 7.47 7.26 
14 14 5.25"^  5.15^  ^ 7.67 7.53 
24 24 4.9 5.0 7.87 7.82 
Orgariisms 0 0 5.3 5.3 4.49 4.32 
plus phage 5 6 5.3 5.3 5.49 5.79 
8 8 5.2 5.3 6.06 2.50 
10 10 5.3 6.98 <2,00 
12 12 5.1' 5.3 7.20 <2.00 
14 14 5.1 5.25 7.37 <2.00 
24 24 4.9 6.3 7.45 <2.00 
Organisms' 0 0 5.3 5.3 4.58 4.46 
plus.phage 6 6 5.3 5.3 5.80 5.51 
maintained 6 b 5.2''^ .- 5.4 6.48 2.00 
• at pH 5.S 10 10 5.25''' 5.4 7.15 <2.00 
12 12 5.2"-- 5.35 7.52 <2,00 
14 14 5.3 5.35 7.55 <2.00 
24 24 4.9 5.55 7.73 <2.00 
Log of 
phage 
tlter/Bil. 
2.40 0.95 
2.40 5.15^  
2.98 6.15+ 
4.40 7.15^  
4.65 7.15+ 
4.65 8.40 
6.40 8.65 
2.40 0.60 
2.40 5.15+ 
4.40 6.15+ 
4.88 7.15+ 
5.65 7.15+ 
7.96 8.30 
8.40 8.65 
 ^IN laOH, added to bring pH to desired level 
Coagulated 
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Table 42 
Population obanges in the cretsori3 Hl,l-
bacteriopbage F4 coDbinatioiT"flu ring incubation 
at 32® C, in litmus milk at pH 5.4 
Time Log of Log of 
Culture (hr,) pE bacteria phage 
count/ml. titer/:iil. 
Organism 0 5.3 3.96 -
control 1 5.4 4.56 « 
2 5.4 4.70 
S 5.4 5.10 -
4 5.4 5.65 • 
5 5.4 5.64 -
6 5.4 6.Q4 
7 5.4 6. 58 
6 5.4 6.99 
-
Organisms 0 5.25 4.16 
"maintained 1 5.4 4.37 -
at pE 5.4 2 5,45 4.83 -
3 5.45 5.25 -
4 5.45 5.51 -
5 5.45 6 .04 -
6 5.45 6.39 • 
7 5.45 7.03 -
8 5.4 7.28 -
Organisms 0 5.3 4.33 2.65 
plus phage 1 5.4 4.51 1.65 
2 5.4 4 • 80 4.40 
3 5.4 5.30 3.40 
4 5.4 5. 38 4.9B 
5 5.4 5. 32 5.98 
6 5.4 5.64 5.98 
7 5.4 <2.00 9.15-^  
8 5.4 <2.00 8.65 
Organisms 0 5.S 4.1s 1. t)5 
pius phage 1 5.4 4.49 2.40 
laalnt ained 2 5.45 4.82 4.40 
at pH 5.4 5 5.4 5.26 3.40 
4 5.4 5.62 4.18 
5 5.4 6.05 5.40 
6 5.4 5.95 7.40 
7 5.4 2.00 6.40 
8 5.4 <2,00 9.15+ 
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Table 4S 
Population changes in the S. creraoris ,H1,1-
bacterlophag® F4 combination during incubation 
at 32° C. in ¥-8 brotii plus CaClg at pE 6.3 
Time Log of Log of 
Culture (hr.) pH bacteria phage 
c ount/ml .tit er/ml. 
Organ!sms 
maintained 
sit pH to • 3 
Organisma 
plus phage 
maintained 
at pH 6,3 
0 6.3., 4.52 -
1 6.2^ ' 4.75 mm 
2 mm 
3 6.15^  5.04 
4 6,15^  5.30 . 
5 6.2'^  5.B9 -
6 5.8'^  ^ 6.86 mm 
7 5.65'^  7.12 
8 5.25 6,76 -
0 6.3 4.53 1.65 
1 4.68 1.65 
2 
S 6,25t 5.15 2.98 
4 6.ir' 5.30 3.65 
5 5.85 3.88 
6 5.85^  6.92 5.98 
7 5.65'" 7*53 8,98 
8 5.8 2.60 9.98 
IK laOH added to bring, pH to desired level 
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Table 44 
Population changes in the S. cremoris 111,1-bacteriophage 
F4 combination durl.ng incubation at 52® C. 
in litirais milk at pH 6.5 
Ti'-n© Log of Log of 
Culture (hr.) pII bacteria phage 
count/rn.1. titei/iTil. 
Organisxas 0 6.5 4-,24 
maint ained 1 6.5 4. 57 
at pit 6.5 2 6,5 4, 97 
5 6.5 5, .47 
4 6.5 6. 09 
5 6.45f 6, .09 
6 6.41'^ ' ry i i .25 
7 5.45*^  7. 30 -
8 6.45 7. 50 • m 
Organisms 0 6.5 4. 25 <0, .48 
plus phag© 1 6.5 4. 33 0, .60 
maintained 2 6.0 5. 01 <0. 48 
at pii 6,5 5 6,5 5. 67 2, ,40 
4 6.5 6. 46 S, •65 
5 5.45t 61 .61 5. 98 
6 6.4i: 4. ,57 7, 98 
7 6.41" <2, .00 9. 15^ -
8 8.5 <2. ,00 9, .65 
IH KaOH added to bring pH to desired level 
Table 45 
Pop\ilatlon changes In tlie cremoris HI, 1-bacteriophage 
P4 combination during incubation at 52° C. 
in litmus milk at p!I 8,2 
Cultui'a 
Tims 
(hr.) pH 
Log of •i^og of 
bacteria phage 
count/ml. t it er/ml. 
Organisms 0 8.2 3.86 
maintained 12 8.r-" 3.26 
pH 8»2 15 8.2 3.34 -
18 8.23 3.67 -
20 8.19 3.92 «• 
22 8.11"^ ' 4.63 • 
24 8.2 4.07 -
Organisms 0 8.2 3.79 2.40 
plus phage 12 8.05^  3.73 6.15-^  
iriaintained. 15 8.2 3.30 6.15+ 
at pH 8.2 18 B. 21 3.30 6.15+ 
20 8.16,, 3.30 6.15-^  
22 8.11'"* 3.00 6.15+ 
24 8.2 3.51 6.65 
IK NaOn added to bring pH to^ desired level 
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Table 46 
Population changes in the S. cremoria fCI,l-bacteriophage 
P4 combination during incubation at 38° C. 
in litmus milk at pH 8.6 
Cult iir© 
Time 
(h r.) pH 
Log of 
bacteria 
counl/ml. 
Log of 
phage 
tit e^ /ml. 
Organisms 0 8.61 3.93 , •M 
maintalned 12 6.59 3.15 > 
at pH 8.6 15 8.59 3.52 -
18 8.56 3.90 • 
20 8.5^  3.48 
22 8.6 3.79 -
24 8.57 3.92 -
Organisms 0 8.62 3.86 1.40 
plus phage 12 8.5^  3.66 <0.48 
maintained' 15 0.59 4.33 0.60 
at pfi 8.6 18 8.59 4.37 3.98 
20 8.58 3.78 5.85 
22 8.58 2.85 6.40 
24 8.52 3.04 6.40 
IH MaOE added to bring pH to desired level 
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Population changes 1B tJa© S« creaorls I£Ljl-bacteriophage 
P4 combination during incubation at 32° G. in litmus 
milk at pM 9.1 (Trials 1 and 2) 
Log of Log Of 
Tirae pH bacteria phage 
Gult\a* 0 (hr. ) count/ml. titer/ml. 
1 2 1 2 1 2 1 2 
OrgFaiisms 0 0 9,12 9.1 4.58 4.75 . 
maintained 12 12 8.95"' 9.1 „ 3.72 3.11 - -
at pll 9.1 15 15 9.1 9.05'" 3.54 3.23 -
IS 16 9. or' 9.08 3.62 3.26 -
21 21 9.2 9.08 5.53 3.11 - -
£4 24 9.2 9.05 3.15 3.67 — -
Organ i sms 0 0 9.1 9.1 4.39 4.75 1.60 0.95 
plus phage 12 12 9.1 3.57 3 . 46 1.98 1.30 
maintained 15 15 9.1 9.05 3.76 3.59 1.98 1.40 
at pE 9,1 18 18 9.07'"' 9.06 2.79 3.97 1.98 1.S5 
21 21 9,08^  9.05 3.43 4.07 1.65 2.40 
24 24 9.2 9.0 3.11 4.29 1.96 5.65 
* IK KaOH added to brin?," tsH to desired level 
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Table 48 
Population changes in the S. cremorig HI,l-bacter-iophag© 
P4 combination during incubation at 32° C. in litmus 
milk at 9,4 (Trials 1 and 2) 
Time Lo; of XIOK Q± 
Culture' (hr. ) pH bacteria phage 
COUS it/ml. titer/ml. 
1 2 1 2 1 2 1 2 
Organl sir;.s 0 0 9.4 .. 9,4 4.37 4.84 
maintained 12 12 9,22'" . 4 4.00 2.60 • 
at pH 3.4 15 15 9,34!^ 9.31^' 4 «14 2.95 - „ 
lb 1 o 9.3r' Q.sr' 4.23 2.30 • 
21 21 9.39 9.31"^  ^ 4.38 2.48 . 
24 O / 9.4 O <7,0 • OA* 4.72 3.08 — -
Organisms 0 0 9.4 9.4 4,38 4. t)4 1.98 0.95 
plus phage 12 12 9.2'^  9.4 3.54 2.70 2.10 0.95 
maintained 15 15 9.32'"'' 9.3^%  ^ 3,88 2.78 1.65 0.95 
at pE 9,4 le 18 9.41 9,52"^  3.67 2.50 2.40 0,50 
21 21 0. ^5*' 9.36^  4.07 2.00 4.66 0,60 
24 24 /A 9.35 5. SO 2.30 5 . 6 5  1,40 
^ IN KaOE added to bring idH to desired level 
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Streptococcus cremorla 122,1-bacteriopliage F43 
combination 
The population changes at various pH 10%^els for 122, 1 -
P43 combination are presented in tables 49 through 57 and a 
Siiamary of typical data is shown in figures 9 and. 10. The 
bacteriophage was more sensitive to the acid conditions than 
was the organism. At pH 4»8 (table 49} there is no definite 
multiplication of bacteriophage during a 24 hr. incubation 
period, while there is a substantial increase in the number 
of organisms. 
At pH 5,0 in ?-8 broth with added CaCl2 the bacteriophage 
•multiplication was very rapid and in trial 2 (table 50) the 
organiams were lysed at 12 hr. In trial 1 t,hs bacter-iophage 
increased somewhat more slowly and the titer at the end of 
12 hr. incubation fias considerably Icwer than in trial 2» 
Added CaCl was necessary for optimum bacteriophage prolifera-
w 
tion for this strain, although table 51 possibly shows a slight 
increase in bacteriophage population in V-8 broth wittout added 
CaClg during a 24 hr. period. By comparing data of table 51 
with that of table 50, in which CaCl„ was added to the ?-8 
broth, there Is a significant difference in final population 
of bacteriophage at 12 hr. The effect of CaCl„ on prolifera-
tion of this strain is also demonstrated in tables 52 and 53 
at pH 5.2. although a difference in basal medium also may have 
been a factor. 
There is very little retardation in bacteriophage 
prolifsration at pE 5.0 (table 50} 02' pE 5.2 (table 52} as 
compared to pll 6,5 (table 54}. However, wljen the reaction 
is changed to pH 6.0 and above there is a significant 
retarding of organism growth accospaniad by a siuiilar retarda­
tion In bacteriopha^je proliferation. 
In table 55 at pH 8.0 there appears to be an increass in 
bacteriophage niiiB,bers without iWi increase in ox'gariisms as 
determiaed by the plato count. 
In figure 9 the prolonged lag phases' at pB levels of 
6,4 and 8.6 are of interest. In each case there was a decreas 
in the numbers of organisms followed by a slight Increase at 
about 18 hr. and a concurrent iiicreaso in bacteriophage popula 
tion. Even at pl-i levels nearer the optimura for bacteriophage 
proliferation, there is a lag phase of several hours for this 
strain. 
Figure 10 shows typical data on the changes in organism 
populations at various pH Isvela. Aa can be seen fro.:a this 
figure, 'mass lysis is delayed, more than 1 hr. at pH 5.2 as 
compared to pH 6.5 and about 5 br. at pH 5.0. At plJ 4.8 th© 
organises continued to increase in numbers up to 20 hr., 
Indicating that they were not inhibited by the acid reaction. 
At pil levels of G.4 and 6.6 there was a decrease i.n organism 
nuiabers, indicating that the alkaline reaction was Inhibitory 
to theis at least for 15 to 16 hr., after which slight growth 
toDk place and apparently put the cells in a condition to 
support bacteriophage multiplication. 
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Table 49 
Population changes in the S. orgrioris 122,1-bacteriopliage 
P43 coBibinatlon durTng incubation at 22° G, 
in ?-8 broth plus CaClg at pH 4.8 
Time Log of Log of 
Culture (hr.) pH bacteria phage 
count/lal .tit er/ml, 
Organisms 0 4.82 4.77 -
laalntairiad 12 4.79 7.08 -
at pE 4.e 15 4.75* 7.45 -
18 4.7lt 7.85 -
20 4.75^  5.14 -
22 4.7* 8.IS 
24 4.62 6.24 -
Organisms 0 4.82 4.68 <0.48 
plus phage 12 4.78 7.15 1.40 
iiaintained 15 4,72'-- 7.45 1.40 
at pH 4.8 18 4.71^  6.01 <0.46 
80 4.74^  8.36 <0.48 
22 4.7'^  8.35 0.48 
24 4.6 8.24 <0.48 
^ 11 HaOH added to bring pH to desired level 
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Table 50 
Population ciian-ges in the S, cremorig 122,l-bacteriophags 
F43 combination cl-ai^ing Tncubation at .32'^ C. in V-8 
broth plus CaClg at pH 5.0 (Trials 1 and 2) 
Log of ijOf"! of 
Time pE bacteria phage 
Culture (I'lr, coiint/iiil • titer/ml. 
"T 2 1 2 1 2 1 2 
Organi sias 0 0 5.0 5.0 4.85 5.05 
maint ained 2 2 4.99 4,99 5.24 5.40 
at pE 5,0 4 4 4.9 9 4.99 5.92 5.85 
6 6 4.99 4.99 6 • 43 6.48 
8 e 4.95* 4.96^ " 7.00 6.96 
10 10 4.96"' 4.95^ - 7.39 7.61 .. 
12 12 5.0 4.85 7.89 7.96 
-
-
Organisms 0 0 5.0 5.0 4,81 4.01 1,40 1.98 
plus phaga 2 2 5.0 4.99 5.42 5.47 i. 40 1.65 
maintained. 4 4 5.0 4.99 5.92 5.87 1.40 2.65 
at pH 5.0 6 6 5-0 . 4.99 6,33 6.37 1.65 2.65 
8 8 4.96" 4. 95-* 6.90 7.02 5.40 3,98 
10 10 4.96-^  ^ 4.90''^  7.41 7.40 5,04 7.15+ 
12 12 5.0 " 7.16 <2.00 6.15"^  e.is"^  
IK MaOH added to bring pii to desired level 
Culture cleared 
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Table 51 
Population changes In the £. cremorla 122,1-bacteriophage 
F43 coiTibl nation during 1 ncuoat ion at 32® C» 
in ¥-8 broth at pK 5»0 
Culture 
Tins 
(hr.) pH 
Log of 
bacteria 
count/ml. 
Log, of 
phage 
titer/ml, 
Organisms 0 5.0 4.87 . 
maintained 2 5.0 5.09 
at pH 5.0 4 5.0 5.86 
6 5.0 6.42 -
8 5.0 6.95 «•» 
10 4.91^  7.58 .. 
12 4.93* 7.69 
24 4.2 7.56 «* 
Organisms 0 5.0 4.84 2.65 
plus phage 2 5.0 5.19 2.40 
maintained 4 5.0 5.92 3.40 
at pH 5.0 6 5.0 6.34 3.18 
8 5.0 6.90 5.30 
10 4.91"^ ' 7.50 3.65 
12 4.92^  7.66 3.04 
24 4.2 7.76 4.98 
11 NaOH added to bring pH to desired level 
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Ta'ble 52 
Population changes in the S. cremoris 122,1-bacteriophage 
F43 combination during incubation at 32® C. 
in litiiius milk at pH 5*2 
Cult'lire 
'lime 
{hr.) pH 
Log of 
bacteri a 
count/inl. 
Log of 
phage 
tites/ml, 
Organisms 0 5.2 4.66 *• 
maintained 2 5.2 5.23 .. 
at pH 5.2 4 ^ O xJ m K oc. \J * -vO -
6 5.2 6,59 « 
8 5.18 7.37 _ 
10 5.17 7.66 tm 
12 5.11*' 7.V15 -
Organisms 0 5.2 4.69 2.65 
plus phag© 2 5.2 5.21 1.98 
maintained 4 5.2 6,00 2.40 
at dH 5.2 6 5.19 6 ,68 5.65 
8 5.1£^ 5.12 6,15"^ 
10 5.18 2.00 6.15-^ 
12 5,13 2.00 7.15"^ 
W'ilk coagulated. 
Table 55 
Population changes in the creinoris 122,1-bactsriopliag 
P43 coiTibinatlon during incubation at 32® 0. 
in ¥-8 broth at pS 5.2 
Culture 
Tisie 
(hr.) pH 
Log of 
bacteria 
count/'^l • 
Log of 
phage 
titej/cil. 
Organisms 0 4.89 » 
raaintained 2 5.12'''^  5.37 -
at pH 5.2 4 5.21 6.02 
6 5.21 C.68 . 
8 5.12t 7.29 •w 
10 s.ie''' 7.88 -
12 5.12 8.18 
-
Organisras 0 5.2 5.03 i.66 
plus phage 2 5.19 5.42 0.95 
Eiaintains^ 4 5.19 5.98 1.40 
at pH 5.2 6 5.18 6.76 1.40 
8 5.12'' 7.24 1. d8 
10 5.16^ 7.71 <0.48 
12 5.2 8.26 <0.48 
* IH KaOH added to 'bring pH to desired level 
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Table 54 
Population changes in the S. creiaords 122,l-bact8rlophag0 
F43 combination during incubation at 32° C. 
in litmiis milk at pH 6.5 
Time Log of Log of 
Culture (iir») pH bacteria phage 
count/ml.titer/ml, 
Organisms 0 6.51 4.72 
maintained 1 6.51 4.70 
at pH 5.5 2 6.51 5.38 -
3 6.5 5.95 
4 6.41'^  6.60 -
5 6.5 7.05 -
6 6.4'^  7.62 -
7 6.4^ 7.77 
8 6.42 7.93 
-
Organisijjs 0 6.51 4.77 2.40 
plus phage 1 6.51 4.93 2.40 
raaintained 2 6.51 5.39 2.40 
at pH 6»5 3 6.5 5.99 2.65 
4 6.4*''" 6.35 2.40 
5 7.03 5.18 
6 6.41"^ 3.51 7.15-^ 
7 6.52 3.11 9.15+ 
8 6.52 2.78 8.65 
IN HaOH added to bring pH to desired level 
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Table 55 
Population c.-.nn \tB in the S. cit ria l;S2,l<-bact©riopfi©.ge 
t'43 c,")~clnitiofi dxirTno; I'c :iation at. 32® C« 
In llt-mus alXk at pH b.O 
Time 
Gultur*© (111*. I pH 
Organisms 0 
maintained 2 
at pB u.O 4 
6 
r-c 
10 
12 
Oi't&nlsiss 0 
pl'us phage 2 
wmiBtalnsd 4 
at r-;!! 8,0 6 
8 
10 
12 
Lor, of Log of 
bacteria p}:;.a,£:e 
CO'unt/ml. tit ei/ml. 
B,0 
e.o 
8.0 . n 
7.96 
b.04 
0,05 
e.o 
4.,7S 
4.75 
3,64 
3 • 04 
5. OB 
3.45 
3 # 
e.o 
8.0  
7.96^ ' 
6.0 
7., 96 
7.98 
7,95 
4.82 
4.B5 
3.GG 
2.&5 
2.70 
2.48 
<2.00 
2 • D o 
2 . 6 • 
2.S5 
3.40 
2.--
3. 
5. 
ij laOff added to bring pH t o dtaired level 
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Table 56 
Population changes in the S. oremorls 122,1-bacteriophage 
F43 corflb illation during Incubation at 32® C. In lltiaus 
milk at pH 8.4 (Trials 1 and 2) 
Log of Log of 
Time pE bacteria phage 
Cult lire (hr. ) count/inl. titer/tfii. 
1 2 1 2 1 2 1 2 
Organisms 0 0 8.45„ 8.4 4.63 5.07 
maintained 12 12 &,31*' 2.00 4.06 - -
at pH e.4 15 15 8.41 e.4 2,48 4.61 - -
le 18 6.4 8.38 3.34 4.61 - -
21 21 B.4 6.32" 4.01 5.17 - -
24 24 8.36 6.4 5.06 4.99 -
Organ!sas 0 0 0.45 e.4i 4.58 4.S5 1.98 1.40 
plus phage 12 12 8.3'' 8.24* 3.S6 2.70 1.96 1.40 
maintained 15 15 b. 41 8.4 S.85 S.ll 2.65 1.65 
at pi 8.4 le 18 8.4 S.3S 2.30 3.50 3.40 2.98 
21 21 C> . JSO B.35'^  3.00 3.52 3.05 3.40 
24 24 8.4 8.4 3.15 3,46 4.40 3.98 
* IM KaOH added to bring pH to desired level 
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Table 57 
Population changes in th,e _3. cremoris 122.1-bacteriophage 
F43 combination during Inc-ubation at 32 C. in litmus 
railk at pll 8.6 (Trials 1 and 2) 
iiOi ? of Lo| 3- of 
Tim© pH bacteria age 
Cult xsc e (hr« ) count/i'al. tit i 3r/ml. 
1 2 1 o 1 n 1 2 
Organisms 0 0 6» 65 C.6 4.57 4.80 
maintained 12 12 8.5'^  6.45^ 4.69 3.28 -
B.t p 11 C « O 15 15 8,5B 8.58 4.75 3.85 • 
18 18 8.54'"" S.55 5.19 4.17 -
21 21 8.6 8.5'^ ' 5.00 4.83 -
24 24 8.55 8. 54 5.46 5.03 Mk 
-
Oi'gaiil ams 0 0 b.63 b . 6 4.47 4.ei 1.98 1.40 
plus phage 12 12 8.4^^ 8.45'^  <2.00 2.50 1.65 1.40 
maintained 15 15 8.61 8.6 S.06 2.95 1.65 1.65 
at pH 6.6 18 18 8.6 6.57 S.40 2.48 2.16 2.98 
21 21 6.6 8.53'^  2.60 2.00 1.9S 3.40 
24 24 6-. 5 5 8.58 2.60 <2.00 3.98 3.65 
IN KaOH added to bring pH to desired level 
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DISCUS3I0K 
The optimum pH for lactic streptococcus bacteriophage 
proliferation was sligfetly on the acid side of neutrality, 
at about pE 6.5. Frora the study of five strains of bacter­
iophage the data indicate that considerable proliferation 
occurs over a pH range of 5.4 to 7.5 for all strains and 
extends beyond this range for soEie strains. At pH 5.4 there 
was very little diffsrence in the rate of bacteriophage pro­
liferation as compared to pH 6.5 for these strains. The lag 
.phases were iiicreased slightly hut high final bacteriophage 
titers were obtained with all strains. For strains P24, P4 
8 9 
anci F43 the titers were in the range of 10 to 10 or above at 
pH ranges of 5.4 to 7,5, while for strains F55 and P56 the values 
were somewhat lower being in the range of 10® to 10®. With P43 
and F24, proliferation compai''able to tliat at pH 6.5 occurred 
as low as pli 5.0 acd P24 increased slightly at pii 4.8 after a 
very long lag phase. 
At pK 7.5 rapid proliferation of all five strains of 
bacteriophage occurred, although F55 was retarded somewhat, as 
was evident by the increased lag phase. There was no close 
relationship aaong the strains in their ability to proliferate 
under alkaline conditions. '»^hlle F55 increased very little at 
pH 7.6, and then only after an extended lag phase, F24 caused 
mass lysis of the susceptible cells at this level. Strains 
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F56 and F43 were able to proliferate at pB S»4 and 8,6^ 
respectively. P24 and P4 did not show the sensitivity to 
alkaline reactions that the other strains did, each imilti-
plying at pH 9.4. Proliferation of P4 at pH 9.1 and pH 9.4 
depended upon growth of the organism, as determined by the 
plate count, which occurred in soma instances and iiot in 
others, fhe reasons for the variability wei'e not apparent 
from the data available. 
Because P24 proliferated over the entire range of ovgmlm. 
growth (p,R 4»6 to pH 9,4), it Is quite probable that this repre­
sents the extremes at which lactic streptococcus "bacteriophage 
can multiply, since tlxese pE levels approximate the limits of 
growth for the _S. lactla species* F65 could easily represent 
the other extreme, since Its proliferation was confined to such 
a narrow range of pH (5.2 to 7.6). In vie\v of these data, the 
probability.of obtaining strains vastly different in their 
response to pH does not seem likely. 
Under the conditions of this experiment bacteriophage 
proliferation was dependent upon growth of the organisms, 
iiowever, with 122,1-F45 on one occasion at pE 8*0 it appeared 
that proliferation occurred without organism increases. The 
organisms e¥idsni:ly were in the right physiological state for 
bacteriophage proliferation but their increase, as determined 
by the plate count, was inhibited by the presence of the bacter­
iophage* Further study is needed to elucidate certain aspects 
of the organism-bacteriophage relationships at these higher 
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pH levels where consistent results are not always obtained. 
Unquestionably factors other than pH play a considerable role 
in bacteriophage proliferation at these levels. 
Strain F24 proliferated, over the entire pH range of 
organism gro?»th. F56 failed to increase "below pH 5.0 or 
above pK 6.4, while its host organism, 712, grew rapidly at 
pE 4.7 and also above pE 8.4. Organisms Hl,l and 573 failed 
to exhibit definite increases in niiraber of ox'ganisras at pH 5.0, 
b"at BL,1 did, upon, occasion, show very slight and temporary 
Increases at pH 9.1 and 9.4 and when these increases occurred 
'bacteriophage proliferation took place. 
Lysis of the calls occurred whenever there were large 
bacteriophage increases. When maas Ijsis occu.rred at the 
higher pH le'vels it was not the typical abrupt lysing of the 
cells but rather a gradual process talcing place over several 
hours. Mass lysis occurred with the •i2-P24 combination from 
pH 5.0 to pfi 7.6j F43 also caused anass lysis at pll 5.0. These 
data are in direct contrast with those from combination 573-P55 
for which neither bacteriophage nor organisci increased in nuaibers 
at pK 5.0 and both were retarded considerably at pH 7.6. Mass 
lysis for 573~F55 combination occurred at pE 5.4 but not at pH 
levels as high as 7.5. 
All the data on these five strains of bacteriophage were 
obtained at Incubation temperatures of 52*^ C. It is poaalbl© 
that other temperatures would give different results. Turner 
{1948) found S2° G. to be optlmurii for bacteriophage and organism 
multiplication and variation from this temperature increased the 
lag phase of both organisms and bacteriophage, iiis results 
o 
applied over a temperature range of 21 to 35 C., or slirlitly 
above. Probably wltb the combinations used in the present work 
some differences in results could be expected, as a result of a 
variation of the Incubation temperature w ithin the 21 to 35° C. 
range. 
The data presented fail to show any correlation between 
the type of organism and bacteriophage response to pH, Or­
ganism W2 and 712 are claasifiod as 3j^ lactia. v»*hile I-Il^l, 573 
and 122,1 are S. creaoris» The "cremoris t^rpe" usually is 
considered more fastidious and more sensitive to adverse condi­
tions and one might expect a similar situation in the homologuB 
bacteriophage strains; the data show that this is not true. 
With Hl,l-P4 combination the bacteriophage was able to i?rultiply 
at pil 9.4 and wxth the 122,l-F4o combination, P43 rnultiplied 
at pH 5.0, while proliferation, of P56 on S, 1 act is 712 was 
greatly retarded at pH levels of 5.0 and 8.4. 
V«hen inoculations of one drop- of a 1-to-lO dilution of a 
freshly coagulated culture were used in 8 ml. of litmus lallk, 
the "lactis type", W2 and 712, brought about coagulation in 
10 hr. or less. Hie "creatoris type", 573, and 122,1, x^ere only 
slightly slower, requiring 10 to 12 hr. to forra. a firai, solid 
ctird. O-fi the other hand, fil,l required at least 15 tir, for 
coagulation and then the cui'd was very soft. 
These five strains of bacteriophage were chosen from a 
large collection with the idea of selecting strains as differ­
ent as possible. Both very rapid arid rather slo?/ grofsflng 
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orgariisKis and tlielr homologous bacteriophages were represented. 
Two strains csiiie from. En.nland, while the other three were 
isol&ted at Iowa State Collegs, iiidlcatin,;, v?id,el7 separated 
sources. Also each strai.n. was froii: a separate sorolo:^ical 
grouping, as deterained bj ^ilkowske (lJ4y)» Hi's wide vari­
ation of these five strains in their raspciise to pH at various 
levalE anc tl'elr calciufn roquire-ient indicates q';:!ite a dllfar-
ence ariong bact';;riophag9s of the lactic strsptocccci . 
ihe occasional failui'e of a soeisingly nor-iial cultiire can 
he explain od. in part by the data prsaentecl, Tha 0rgariis..:.is xnay 
lower the pH so rapidly that mass lysis cloec n-:.t nccui- but still 
high concentrations o.f bacteriophage nmp be built uo, sspeeially 
if the hacteriopliaga is capable of so.ai'3 pi^ ol if^ratlon in the 
lower 0:1 ranges. As a result of a situation like this Ine culture 
wou,ld coa;palate and appear noriBal, but v?hen used as an inoculum 
in ;rilh with a pE near the optlrvuLa for bacterlophape prolifer­
ation, ijsis of the suscoptihle c-ells '^^onla occur in a £ew hours, 
Thi.o whole profclera becoEies a question of tm "balance bst"V«een the 
ti'nie the mediuai reaches a pH low enough to prevent rapid, bacter-
iophaca proliferation and the time of mase lysis. V?ith soma 
combinations o. largo inocnl.•^ti on or.par;i3:.^t6 is }"i3cessar;/'i n 
order to l;3wsr the pIT quicklj enou^^b to that point •«"..:oro aass 
lysis can not occu-r« Othor'-i/ise tbe b3ct'^ rio;:)haps wcnlb 17/33 
the organisns beiore ti.nr'e -^as cb.H.nps in tb.e ph. Par: nlee 
(1950) has foTinb that ao fen as 200 bactyriophage particlos of 
a strain ik)! lifted in tiiis oivuhr, "••dn.n:. intj.'oduced into 300 nl, of 
milk Inoculated with 1 per cent of a freshly coagulated culture 
of sensitive organisms were capable of pre^venting normal 
coagulation by causiiia mass lyais. The ability of certain 
strains of 'bacteriophage to multiply at low pll levels and 
"build up to higli concentrations, if not lysing the organisms, 
make it difficult in comraerclal operations for certain strains 
of organisras to overgrow the bacteriophage. 
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SmjrAKI .AE:D CCFCLUSI OliS 
Five strains of lactic streptococcus bacteriopfcags and 
the hosiologous organisms were studied o^er a wide pH range to 
deter:;u.nG tha influence of reaction on bacteriophage prolifer­
ation. 
The maximuiii and minisixi pii at which bacteriophage pro­
liferation occurred variacl for gach strain studied. Strains 
F24 and F4 aiultiplied at pil 9.4 and the F24 strain as low as 
4.B. The other txiree strains i^ere between these e.xtreriies. 
I'hs opti:sua pH for bacteriophage proliferation was siishtlj 
on th.e acid, side of neutrality, probably at aiiout pII G,5, 
but considerable OTOlif erat ion occui-rea o"v er a pli ranpe of 
5.4 to 7,5. 
In general bacteriophage proliferation failed to occur 
at ph levels wiisre organism growth was inhibited. In, one 
trial at pli 8,0 with 122,1-F43 it appears that the bacterio­
phage increased and no increase in numbers of organisms 
occiiired. With eombinatioriS 122,1-F45, 712-F56 and 573-F55, 
p.;ro¥t/th of the organisms occurred beyond the pH ranges of 
bact er i opnage p ro 1 i f erat ion. 
Mass lysis occurred with W2-F24 combination at pH 5.0 
and ph' 7,6 -with indications that mass lysis i-Aj occur at pH 
levels as high as 8,0 and as low as 4,9 or belov? under proper 
conditions. For the other combinations txie pH range for mass 
lysis was somewhat narrower. 
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In the 573-P55 coTHbinatioii there was a sharp cut-off in 
bacteriophage proliferation between pii 7.5 and pli 7,6. There 
was very little d.lfforence in orji-anisns growth at these two pH 
levels, 
Kith the Hl,l-F4 and 573-F55 coHibinations there was bac-
terlophare proliferation at pH 5.2 but verj little at pll 5.0. 
Growth of these two orgasiig^n strains st pH 5»0 was questionable. 
Strain P56 imiltiplied very slowly after a t)roion£od lag 
phase nt pE 8.4 and strain P45 f'-ollowed a similar pattern at 
pll 8.6. 
TJ-ie growth of organisiT; 712 was abundant at pE 4.7 hut 
its fcoraologous bacteriophag,© proliferated very little b ©low pH 5.0. 
Tha growth of xJl,l at ph 9.4 was erratic and the sfme was 
true of proliferation of bacteriopha^te P4, If the orgaiiisBi 
became adapted to the highlj al.-kalin0 conditions arid doiinitely 
increaaed, the bacteriophage proliferation was very rcipicU 
There was very little correlation between the sensitivity 
of the orranis.ii:,3 to high or low pH levels and, the sensitivity 
of the homologous bacteriophage. 
That the extremes in response to pH are repreaented in 
the five strains of bacteriophage studied is quite probable, 
since tho proliferation of F24 occurred froni pli 4.t to pE 9,4, 
which approxiraetes the limits for growth of the S- lactis 
species. Proliferation of F55 over a narrow pH range could 
easily represent the other extreiue. 
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The usQ of large inoculiiiii in mother cultures as a means 
of bacteriophage control will not eliailnate the trouble when 
bacteriophage strains are capable of .multiplying at low pH 
ranges and building up high concentrations. 'iihen the bacter­
iophage of the mother culture Is subjected to raore nearly 
optimuiE pH levels, after proliferation has been stopped by 
lowering of p i -  before mass lysis has occur-red, mass lysis o f  
the susceptible organism will occur in a few hours. 
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